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The Second Ideellng of the Crojis and Solis Wing of the Board 
of Agriculture and Animal Husbandry. 


INTRODUCTORY. 

Tlip .Vitiiid Mroliiiq of tlio Crops and Soils Wing of the 
Hoard of .■\criridliirp and .'\niinnl ITiisbandiy in India was 
held al Ualinre on the Oih lleeemlM’r in.'lT. and following da5s 
tinder the presidency of Ills Rxeelleney Sir TTerliert Emerson, 
Governor of llie I'linjali 


Mn'inr.ns 

The following iiieiii1>ers were present : — 
1. Sir llryce lliirl (Chnirmnn). 

2 Dr. IV Hums. 

3 Col. Sir .Irllinr Olver. 

•4. Mr 11 G. Allan. 
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!). Mr. S II. Higsby. 
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11. Mr R. L. Cliatacvcdu 

12. Dr J. K Dubey. 

13 Khan Haliadur M. Fatch-ud-Din. 
14. Mr. M R. Fotedar 
15 Sardar Harcliand Singh. 

10 Mr. P. V. Isaac. 

17. Mr. S. S Iyer. 

18. Mr. W. J. Jenkins. 

19 Professor L. S. S. Kumar. 

20. Dr. P. E. Lander. 

21 . Dr. V. N. Likhitc. 
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4. Dr. Frank Crowthcr. 

5. Dr. Dalip Singh. 

6. Sardar Darshan Singh. 

7. ^^r. Ihsanullah. 

8. Rai Sahib Jni Chand Luthra. 

9. Mr. D. P. Johnstone. 

10. Rai Sahib Kalidas Swahney. 

11. Sardar Kartar Singh. 

12. Dr. P. G. Krishna. 

13. ^^r. M. Nabi. 

14. Major G. V A. Pridcau.K. 

15. Dr. A. N. Puri. 

16. Mr. R. G. Sadik. 

17. ^fr. A. M. Thomson. 
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22. Mr.' T. E. Low. 

23. Mr. K. E. Narayana Iyer. 

24. Lt.-Col. C. A. MacLean. 

25. Ptofessor P. C. Mahalanobis. 

26. Mr. Mohindra Babadur. 
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28. Dr. B. K. Mukherjee. 
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30. Dr. B. P. Pal. 
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49. hlr. R. Watson (Representative of Burma). 

50. hir. N. C. Mehta, Secretary, I. C. A. R. 

51. Rii Bahadur R. L. Sethi {Rapporteur). 

ViBiTons. 

The following attended ns visitors : — 

1. Khan Bahadur M. Afznl Husain. 

2. Mr. N. K. Bose. 

3. Mr. D. C. Choudhuri. 
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4. T)r. rrnnk Cr>iTtihi*r. 
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22. Mr.'T. R. Low. 

23. Mr. K. R. Narayana Iyer. 

24. Lt.-Col. C. A. IfacLean. 

25. Ptofessor P. C. Mahalanobis. 

26. Mr. Mohindra Bahadur. 

27. Mr. A. Majid. 

28. Dr. B. IC. Mukherjee. 

29. Mr. Nizara-ud-Din Hyder. 

30. Dr. B. P. Pal. 

31. Mr. G. B. Pal. 

32. Dr. H. S. Pruthi. 

33. Dr. G. W. Padwick. 

34. Mr. P. H. Rama Reddi. 

35. Rao Bahadur M. R. Ramaswami Sivan. 

36. Dr. L. A. Ramdas. 

37. Dr. R. D. Rege. 

38. Mr. P. B. Richards. 

39. Mr. M. R. Richardson. 

40. Mr. W. Roberts. 

41. Mr. T. S. Sabnis. 

42. Mr. Wynne Sayer. 

43. Mr. D. R. Sethi. 

44. Mr. H. R. Stewart. 

45. Rao Sahib K. I. Thadani. 

46. Sardar Sahib Sardar Ujjal Singh. 

47. Dr. B. N. Uppal. 
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49. Mr. R. Watson (Representative of Burma) 
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Visitors. 

The following attended as visitors : — 

1. Khan Bahadur M. Afzal Husain. 

2. Mr. N. K. Bose. 

3. Mr. H. C. Cboudfauti. 



PROCEEDINGS. 


First day. 

In requesting His Excellency the Governor of the Punjab 
to open tlie proceedings of the Board, Sir Brj’co Burt {Chairr 
man) spoke ns follows : — 

“Your Excellency, 

Iklay I, in the first place, on behalf of the Board, express 
our great appreciation of your great kindness, despite your 
numerous engagcnionts. in coming here this morning to open 
the second meeting of the Crojis and Soils Wing of the Board 
of Agriculture and Animal Husbandry' in India. It is also 
iny great jirivilege to thank your Excellency’s Government for 
their invitation to hold this meeting at Lahore and for the 
hospitable arrangements which have lieen made for members of 
the Board to see some of the work of the Punjab Agricultural 
Department at Lyallpur at the clo.se of the week. These are 
but further tokens of the great interest which Your Excellency 
IS known to take in all matters which affect the welfare of the 
rural population of this great province and of the importance 
which the Punjab Government attaches to the work of its Agri- 
cultural Department Mav T also take this opportunity of 
welcoming, on behalf of the Board, those Honourable 
Ministers of the Punjab Government who have found time, 
despite their numerous engagements, to support us by their 
presence here this morning. 

“For a special reason, it is particularly appropriate that 
the first meeting of the Crops and Soils Wing outside Delhi 
should be neld in the Punjab The Board of Agriculture and 
Animal Husbandry is the lineal descendant of the original 
Board of Agriculture in India which created the sound prece- 
dent of meeting alternately at Pusa then the headquarters of the 
Imperial Department of Agriculture and in a Province or 
State. At the first meeting of the Board of Agriculture, the 
Punjab was represented, amongst others, by Mr. Milligan, 
who subsequently, as Agricultural Adviser to the Government 
of India, presided over two memorable meetings of the Board. 
Mr. Milligan was one of the early pioneers in the application 
of scientific methods to the solution of Indian agricultural 
problems and his early work in the Punjab stands to-day* as 
an example to his successors. Indian Agriculture in general 


PROGRAMME. 

SUBJECTS DISCUSSED. 


I. A review of soil survey work in India up to date, with 
suggestions for the future. 

n. A review of the tlieory and practice of manuring in 
India, with suggestions for the future ; 

(a) with reference to farmyard manure and compost. 

(b) with reference to green manuring, 

(c) with reference to mnnnrJnff with ai-tificmJ miimires. 

III. A review of work on the improvement of bullock- 
drawn implements, with suggestions for the future. 

IV. A review of plant breeding in India, with suggestions 
for the future. 

V. A review of the work done on water requirements of 
crops, with suggestions for the future. 

VI, A review of work ilone on crop protection, with sug- 
gestions for the future, with reference to protection from (a) 
wild animals, (b) insects, (c) fungi, (d) para.sitic flowering 
plants, and (o) effects of climate, 

VII, A review of the pre.sent position regarding agricul- 
tural statistics {in the sense of rolloclion and publication of 
datal and forecasting, with .siiggcstion.s for the future 

VIII. A review of the application of statistical tbcorv to 
experimental methods in India no far ns .ngrirultnral investiga- 
tion is concerned 
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the second meeting of the Crops and Soils Wing of the Board 
of Agriculture and Animal Husbandry in India. It is also 
my great privilege to thank your Excellency’s Government for 
their invitation to hold this meeting at Lahore .and for the 
hospitable arrangements which have licen made for members of 
the Board to see some of the work of the Punjab Agricultural 
Department at Lyallpur at the close of the week These are 
but further tokens of the great interest which Your Excellency 
IS known to talce in all matters which affect the welfare of the 
rural population of this great province and of the importance 
v/hich the Punjab Government attaches to the work of its Agri- 
cultural Department. Mav I also take this opportunity of 
welcoming, on behalf of the Board, those Honourable 
Ministers of the Punjab Government who have found time, 
despite their numerous engagements, to support us by their 
presence here this morning. 

“Eor a special reason, it is particularly appropriate that 
the first meeting of the Crops and Soils Wmg outside Delhi 
should be ncld in the Punjab Tlie Board of Agriculture and 
Animal Husbandry is the lineal descendant of the original 
Board of Agriculture m India which created the sound prece- 
dent of meeting alternately at Pusa then the headquarters of the 
Imperial Department of Agriculture and in a Province or 
State. At the first meeting of the Board of Agriculture, the 
Punjab was represented, .amongst others. l>y Milligan, 

who subsequently, as Agricultural Adviser to the Government 
of India, presideil over two memorable meetings of the Board. 
Mr. Milligan was one of the early pioneers in the application 
of scientific methods to the solution of Indian agricultural 
problems and his early work in the Punjab stands to-day as 
an example to his successors Indi.an Agriculture in general 
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Gives much to Mr. Milligan’s ivork, first in this great province 
and subsequently as Imperial Agriculturist and Agricultural 
Adviser to the Government of India. 

“This is the first occasion on which I have had the honour 
of presiding over the Crop Production Section of the Board 
and it is a great personal pleasure that its meeting is taking^ 
place at Lahore. Though T have not had the advantage of 
serving in this province, I have, in various capacities, had 
manv opportunities of appreciating the co-operation which the 
Imperial Council of Agricultural Eesearoh and the Indian 
Central Cotton Committee have received from the Piiniab in 
tJieir eCforts to do something for the improvement of Indian 
Agriculture. 

, “It is now my-privilege to ask j-our Lxcellencv to open the 
nroccedings of the Board.” 
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Speech made by His Excellency Sir Herbert Emerson, 
Governor of the Eunjab, at the Opening of the Deliberations 
of the All-India Board of Agriculture on Monday, the 6th 
December, 1937. 


“Mr. Chairman and Gentlemen, ' 

It is a great pleasure to me to welcome to the Punjab oM>- 
cers from all provinces of India who have done and are doing' 
so much for the millions in this country dependent on the soil. 
The gathering to-day consists of men who each in his own field 
has done something, and often a great deal, for the direct bene- 
fit of the cultivator, and I can conceive of no more stimulating, 
work. Whether the functions are advisory, administrative, 
research or executive, their aim is the same, and that aim is 
to add to the production of the soil For many years I have 
taken a close interest in the labours and results of agricultural 
workers and I yield to no one in appreciating their importance. 
Important as their work has always been, it is yearly growing 
in urgency The population of India is rapidly growing, and, 
in the absence ot unforeseen calamities, the- increase must be 
cumulative. In the Punjab the population is increasing an. 
niiolly at the rate, of nearly half a million souls, and a similar 
phenomenon is to be found in every other province. Much as 
Conditions of soil and cropping and standards of living may 
differ from one part of India to another, the vital problem is 
the same, namely, how to raise the standard of life of a popu- 
lation already huge and to the increase of which there is no 
visible limit. On the one hand, the resources of science are 
being applied to the prevention and cure of disease and to the 
creation ot more healthv conditions in our towns and villages 
On the other hand, the success which science achieves in this 
direction 'Will be frustrated, if means are not found to raise 
lor an ever-increasintr population the low’ level of comfort 
which now obtains Indeed the greater the success which 
medical .science can record in this country, the greater will lie 
the demand placed on agricultural .science. For this, if for 
no other reason no Ixmnds can lie set to the Intxiurs of the re- 
search or field worker on the agricultural side. We can fore- 
sec no time when the services of workers can l>e di«iK?ns. 

ed with, without incalcnhahle loss to India. 

“Yon gentlemen are concernwl with crops and soils — sub- 
jects which mav at first sight appear to lx? confined in scope. 
Rut a moment’s reflection will at once «how the enormous 
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ground they cover. It is not merely a question of the great 
variety of crops or the enormous variety of soils which are 
found in India. Each has to be correlated with the other, and 
for every crop, as for cveiy kind of soil, there is a large num- 
ber of problems to be soh-ed many of which have little bearing 
on the other. The agenda for your meeting does not juctend 
to cover the whole field, but the subjects which arc to come 
under discussion, are sufficiently comprehensive to indicate the 
diversit}' and importance of the problems with which you have 
to deal. Ton are concerned at this conference with soil sur- 
veys, with the theory and practice of manuring, with the im- 
provement of agricultural implements, with qiie.stions of plant 
breeding, witli the water requirements of difTcrent crops, with 
their protection .against insect and other pests, and lastly with 
tlie dilTerent aspects of .agricultural statistics. If you were 
to deal c.vhaustively with the whole of this .agenda, limited as 
it is, you would require as many months for your bn.sine.ss as 
you have allotted d.ays. If would be impertinent for me to 
c.vpress to a body of e.'tperts any opinion on most of these sub- 
jects, but I m.ay perhaps be allowed to make a few observations 
•alxiiit one or two matters, which have come under my notice 
as an administrator. I have just said that I can see no limit 
to agricultural research in India, and I have no doubt that the 
field worker is sometimes impatient beranse the scientist 
docs not iirodiicc at once practical and simple remedies for the 
many ills which atfiict agriculture. On the other Imnd, it lias 
alw.iys seemed to me that the re.^carcb worker luus a more 
legitimate grievance in that, for one reason or niiother, the 
results of bis work have not liccn applied with the raiiidity or 
oil the scale which their value dciiiiiiids There is a lug lag 
between scientific discovery and its [iractical application, and 
it is no doubt in recognition of this fact that Sir .lobn Itiisscll. 
tliiin whom there is no greater aiitliorily. has declared that the 
great need now i.s for Ilic full use of c.visting knowledge rather 
than the iiecuiiiiil.ntimi of more knowledge; for work on the 
eiiltivators' fields rather than in the Inlmratory A very simple 
ilhisiratioti ni.ay lie given of this truth. In the I’liujnli our 
staple crops arc wheat and cotton For years we ba\e known 
that certain varieties prndiired In the Agrienltiire Dejiarl- 
ineiil give higher yields and sometimes higher priees than those 
jiro.liiced bv tin* ordinan- eiiltivator We nl-o K'liow flint for 
a parlieiilar er(i|i. .say, wheat, dillereni varieties are more 
suitable than others for v.arioiis soil- T wriiild indeed go so 
far as to .s.iv that there is Imrdly a nheal growing soil in the 



Punjab for which a type cannot be recommended better than 
that sown before the Agricultnral Department came into exist- 
ence. This !>eing so, commonsense and the common good de- 
mand that our aim should be to see that every field produces 
the variety of wheat that is best suited to it. None the less, 
until a few years ago it was left mainly to the very small body 
of agricultural officers to advertise and to apply discoveries, 
which, measured in money, represented the annual addition of 
crores of rupees to the wealth of the jirovince As I have often 
said, a business firm with a marketable commodity of this 
character would use every possible agency to ensure its general 
adoption. The obligation resting on Government to do so is 
still greater. During the past few years the Punjab Govern- 
ment has done something towards mobilizing its forces by 
bringing into the field the ser\'ants of other departments, and 
especinllv Us revenue officers, to preach the gospel of better 
seed. The result has been most encouraging. While in 1932- 
33 the provision made in the Agricultural Department’s bud- 
get for transactions in improved seed was two lakhs only, the 
amount allotted in the coming year is eleven and-a-hnlf lakhs. 
In fact the demand for seed has almost outstripped the sup- 
ply. But we are .''till far from the goal which T have men- 
tioned. namely the phenomenon of each field being sown with 
the type best suited to it Only a few days ago I was talking 
to a gathering of a hundred villager.'? or so I asked them 
what wheat they used and thex.told me that they used the d^si 
variety. I asked why. and they gave the usual answer that 
they were too poor to use anything else. Too poor — when 
from a single acre in a single harvest they could obtain an 
additional return of from three to six rupees bv spending four 
annas more at sowing time. The zaildar of the tract was 
present and I asked him what he used He gave me the num- 
bers of three different types which he used on dilTerent soils, 
and to my question he replied that in every case the yield was 
much in excess of the ordinary variety. Here was a simple 
example of a non-official agent, who, if properly used, could 
do an enormous amount of practical propaganda. The ques- 
tion of good seed is indeed a matter which closely concerns 
every land-owner in the province and especially those whose 
land IS tilled bv their tenants. We hear a great deal nowa- 
days of bad landlords and although I believe that in the Punjab 
there are comparatively few that come within this category, 
none the less there are many who still do not realize the 
necessity of doing everything they can for their tenants. 
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fifty-nine per cent, of the experiments had given significant 
increase and in cases where artificial fertilisers had been used 
sixty-two per cent, of the experiments had given significant 
results. It would be observed that these e.xperiments were not 
strict!}- comparable. They gave information of a bulk of 
experiments conducted in several parts of the country with 
several crops and in different seasons and in different years. 
There was not very much experimental evidence on compara- 
tive tests carried out, e.xcept for Burma where manurial work 
was done for a period of five years and subsequently residual 
effects were measured in succeeding five years. It would be 
observed that the increases in yields due to fertiliser treatment 
had been distinctly greater and higher for direct manuring in 
the case of organic manures and better than those of artificial 
manures. These experiments were carried out by Hendry in 
Burma between 1928 and 1930. He had selected these experi- 


ments particularly to show that there were a set of experiments 
in which there was no risk of complications arising due to 
moisture being a limiting factor. He further e.xplained that 
in his note (-A.ppendix II, page 201), he had shown how experi- 
ment.s elsewhere conform to those observations that could be ' 
deduced from the e.xperiments carried out in Burma thus dear- 
ly pointing the beneficial value generally of organic manures 
as compared with inorganic fertilisers. He had also shown 
how moisture and water-supply could Iw a most powerful limit- 
in" factor in manurial experiments. At the bottom of the 
Pii% he had shown comparative experiments, reported under 
fai°lv adequate moisture conditions and under precarious 
moisture conditions where rainfall was 19" and that too un- 
cvenlv distributed. In these conditions concentrated manures 
—ortianic or inorganic— <lid more barm than good A gene- 
ral review of the experiments showed that the presence of ade- 
Siinnlics of organic matter in the soil facilitated the 
assfmilatiM of nutrients added to the .soils in the form of 
r r lisers The problem narrowed it.self down to find out 
^ tiwls of usin" fertilisers on adequate dosage of organic 
man wes lirfiSd shown in his note (Appendix TI. page 203) 

W the results of such experiments in which a mdicioiis coni- 
Stion of organic manures nndiiiorganie fertilisers was used 
1 t tlie highest, gross yield. In regard to the comparative 
study of nutrition of the plant l.v orgauic nianure.s and art.fi- 
■1 'fertilisers organic imtiiures like oil-cal;es produced liclter 
ciai leriiii. • .| I „„(ip|.go decomposition 

rtlic »il before H"rr«-n-iie nvailnblo. Tins meant tbat the 
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products of decomposition were made available to the plant 
steadily and gradually apd therefore the plant -was in a posi- 
tion to absorb them. On the other hand, in the case of inorga- 
nic. fertilisers the nutrition available was almost in a rush; the 
plant therefore was not able to utilise it to the best advantage 
and therefore its method of growth and possibly of develop- 
ment got altered. The next problem for consideration was to 
take stock of manorial resources in this country. Attention 
would naturally first turn to farmyard manure. The destruc- 
tion of farmyard manure had been mentioned by His Excel- 
lency the Governor of the Puniab that morning, but even if it 
was conserved the sneaker’s calculations showed that we would 
be in a nosition to find onlv about 2/5th of the normal supply 
required for applying farmyard manure to all the cvdtivated 
soils of the country The next best course was to direct our 
attention to the production of composts Composts work had 
been in progress at several centres for the last ton vcars 
Several methods had been developed but so far none of tijo 
methods had reached such a simple form which could be copied 
bv the small cultivator A good deal of work remained to be 
done 


Green manures were generally of considerable benefit to 
the soil provided the conditions for growing the green manure 
crop and the conditions in the sod particularly of moisture 
supplv were satisfactory for tlie dciomposition of the green 
manure. From experience it was known that it was not .al- 
ways possible to grow green manure in every jirovince. In 
certain provinces casli crop's and industrial crops had to lie 
sacrificed for the purjiosc of growing green manure crop and 
in certain places the growing of a green manure croji did not 
pay. In the heavy deltaic paddy soiU. green manuring did 
distinct harm to the soil Al<o when tlie soil is summer- 
ploughed, the land bocame loo<c and tlio subsequent crop grown 
was considerably interfered willi He .said tliat lie had known 
several instances in which such growing of green manure 
absolutely inhibited subsequent crop growing and it took near- 
ly two to three vcars for the land to recover for Waring a gooU 
croji. He referred to the subject of indigo wliich in <"ornier 
day.s was cultivatc<i ,as a green manure crop. The indigfi 
brought ready money to the farmer and the "seoth” after fer- 
menting formed an excellent manure for the soil the 

nitrogen fixed by (he indigo plant itself. 
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Rao Bahadur Viswanath referred to the distribution of 
the available manure by the cultivator and said that a greater 
jiortion was put in the more fertile land required to grow cash 
crops with the result that the disparity between the fertile 
land and the non-fertile land was further increased. The best 
plan would be to distribute the available resources of organic 
manure on all the soils that were available in the holding of a 
cultivator and that was only possible if extensive research work 
was carried on to find out the minimum requirement of organic 
manure for the different soils under different types of 
cultivation. Rao Bahadur Viswanath referred to the effi- 
ciency of fertilisers and said that from the e.xperiments that 
had been carried out it was found that the efficiency of ferti- 
lisers was lower than it ought to be. The efficiency was tested 
from the amount that was recovered from the crop which was 
somewhere between ten and fifteen per cent. only. From theo- 
retical considerations it was considered that it should go up to 
twenty per cent. He concluded by saying that research was 
required to find out the means by which the efficiency of utilisa- 
tion in the plant can be increased. 

The Chairman suggested that those members of the Board 
who had submitted notes might confine their remarks to the 
main points of their papers so as to allow as many members of 
the Board as possible to take part in the discussion on this very 
important subject. The subject of composting was taken up 
first 

Mr. Allan said that he had done a great deal of work in 
compost-makine and found that there wore several difficulties 
in getting it taken up by the small cultivator. Firstly, farm- 
yard manure was limited on account of its being the principal 
fuel of the cultivator. In Baroda the question in the culti- 
vator's family was as to who should do this work. The culti- 
vator thought that it was his wife’s duty and the woman of 
-the house thought that she had imich tnore work to do than 
■compost-making. He said that it was not easv to induce those 
■Dcoiile who came back to the village every night to do compost- 
inn-. In the Baroda State it was the practice of sornc cultiva- 
-tors to go and settle on the land for aliout five or si.\- months 
in the year and tfic.'c people could be induced to do composting 
■on their farm. Another' form of manure to which he wanted 
the cultivator to pav attention and in which he obtained mere 
success was urine earth as it was more easv than compost- 
making He said that he was trying to induce the cultivators 
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to adopt compost-making and also to spread sand on the floor 
of the cattle shed to conserve the urine. 

Mr. }^arayana Iyer said that the problem of finding an ade- 
<}uatc amount of organic manure was faced very early in the 
Travancoro State and a considerable amount of work had been 
done. The problem was most important as the State had a 
rainfall varying from 20 to 150 inches and the soil was sandy 
nlong the coast and latoritic in the sub-montane regions. The 
Department of Agriculture in Travancore carried out a series 
of experiments on the lines that were suggested by Richards 
and Hutchinson in London and subsequently the process ^as 
modified according to the method adopted by the ^ladras Agri- 
cultural Department. The Madras method of eoraposting in 
pits and covering the treated material with a layer of earth 
failed to give satisfactory results. A systematic series of ex- 
periments were therefore carried out on the lines recommended 
by Dr. Fowler of Bangalore heaping the materials on the sur- 
face and intrqducing a process of activation. The results 
proved quite satisfactory and this process has been adopted 
throughout the State. In the principal towns of the State the 
town refuse and night soil were composted in accordance with 
the alx)ve process and the resulting manure was readily sold. 
The preiudice that once prevailed for the utilisation of the 
night-soil had vanished and the people were ready to make use 
■of the compost. The results of these composts were checked 
with cattle manure and these were found to be extremely satis- 
factorj' on crops like rice, cassava, grams, pulses, etc. 

Dr. Lander said that from the raanurial experiments which 
had been done hitherto it appeared that the problem to be 
■dealt with was how to apply concrete facts as brought cut in 
the various raanurial trials to the individual and local require- 
ments of any particular zamindar. He wondered what the 
reaction would be of a zamindar working on a small acreage 
of say 10 to 20 acres if confronted by those manurial results 
and how confiised he would be if he was asked as to how he was 
going to apply those results. The problem was therefore to be 
looked at both from the point of view of general manurial 
requirements of a large area and of the particular local and 
specific requirements of any zamindar treating his own land. 
In the Puniab speaking generally for ordinarj’ normal soils and 
omitting altogether kallar and tUkaline soils, it could be stated 
that the soil did not usually respond in an economic decree to 
applications of ordinary artificial manures. The prime re- 
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quirement of the land tvas hmnns. and mannres which shocld 
be used were green manures, compos* manures and fannvard 
manure. The value of a compost manure would depend upon 
the nature of the material from which it w,a; made and the 
extent to which its decomposition had preceded. It could he 
said quite safely that not only increased yields in crops bnt a 
very good economic return could he obtained from the aaplica- 
tion of farmyard and green manure in the Punjab. 

In the case of artificial mamirc.s it was often possible to 
get increased returns in cro|> yields, but at the prevalent juices 
of the commodities they did not cover the cost of the m.annre 
used and of the lalKuir involved. .An endeavour should there- 
fore be made to ascertain on the smallest jwssible area what 
manures wore going to give an increase in terms of rujJees after 
.covering all working expenses. In the Pnniab a series of trials 
was being condnetod dealing solely with organic manures, 
comjiosts, green mamiros and farmyard manures on some of the 
main departmental farms. On certain other farms slalxtrate 
scric.s of trials were being made to asu’rtain the cffivts of arti- 
ficial manures iu coujuuetion with one another, and also in 
conjunct iou with green mamiivs It would, however, be seve- 
ral yea v.s liofore the vcsnlts conid K> published, 

Rao Snhiti Thiultinl said that in Sind they had lieen trving 
the Intlove tuetlioil of making compost, bnt it was not found 
to ho snilal'Io for Sind conditions. TIun had modified this 
method aiid t'volvod a now improvial method of making a.m- 
poatfl in lioaiw almvo ground, instead of in i>its. This had 
proved to bo vory idmple and cheap anil at the same time a high 
(lc"ree of mannre ennid be (n>t by Ibis piiu-ess, Viftv eartlo.ads 
conid bo propMi'od per Jitiir of ladlwk.s every year They had 
iRHUod n leidiel on liveparing oom\>ost hy this metlu'd and wore 
Irving In lidiodnee llda Inin the di.siriols, nillictdlios were, 
litiwover I'olng oxiiorlenn'd in making the oidlivalors adopt 
'thill mel'hod, The enlllvalora did not liave thy roqni.sitc time 
and were nol able to pid In Ibe little lahonr required in making 
,tha eomiio'ila, A" regardii given mnnnring, tins process bad 
hcon fnnnd In bo very n"oljil In Sind oomlilions. The Govern- 
l onl nl' t'lrni laid remilled the mniesameid on giwing of green 
iiannre eropn m Ihal Ibe eiilllviilors might Iv encouraged to 
one Ibln iiielliod of nnmni'lii|t thole land.s, Giwn mannrine 
liiul noyv lii'llini lo be adopled tin a common in-hetuv in Sind .and 
hii/l hi’Kii I'nninl In be bel|ifii) In mninlaining the fertility of 



17 


tijo t-^W on ^\lnch it lin»l Wn «««!. Tlirrc ^vc^c certain F|>ccial 
crt)p'< uliidj tbry rrcrunmcinltMl for pvon inamiring rpnong 
XNhich mnn lirmp and Imd !»crn found to In? nio«t n?cfiil. 

TTpnrdi nrtilirial niannrr^. their r\|>orinicnls sliov.cd that 
there niu»! a ha«ir dose of organic manure to which rome 
nrlificiaU might Iv adrlrd with fomc advantage. Artificial 
m.murev had given gf»od re‘;ult‘i in Sind l>oth with cotton and 
wheat, hut it wa« found that nnle*-^ a Iwi^ic do«o of bulky 
manure wa^; added, the n'‘-ull*t were not very* good. 

.Ur Jrnl-in* said that the difiiculty of inlrtxlucing compo.st- 
manufarlurc in the village*^ wa.« \ery real and unlc.«'« it was 
overcome no ]irogre« could U* made with the increa.«c of orga- 
nic manure from amipost m the di‘;lriet‘i Some development 
wot]: w.a*: neoe<«iarv in thi« direction, on the same lines as in 
the I'unjal*. hv (lie formation of Hotter Tanning Societies. 
Troduction of eomiTost*; crudd e:i«ilv and ]>rofitah]y lx? done on 
a co opcrali\e basis As regards green manuring. .1/r. 

stressed the nee<l for the examination of indigenous 
weeds, especially legntninous wcxxls. which could serve as green 
manure. There were (vrtain diflicidties in growing (xtiuih 
green manure crops in particular an?as whore an indigenous 
weed crop might serve the purpose At the I’ndegaon icsearcli 
station, a certain amount of work hail been done in this direc- 
tion and an indigenous weed (Ah/^irarpu.c hrfnnumrmtis) had 
l*oen proved to lx? one of the mo<;t .suit.ahle crops for green 
manuring. 

}fajor rridrnu.r said that indigo was tried by him but w’ns 
not found so useful ns sunn hemp Urine earth was also iToing 
tried. Compost-mnking wa-s done hv village servants and they 
w'cro getting definite returns from it. lie enquired whether 
it was nitric nitrogen or nitrate that was utilised by the plant. 
He understood that in manures such as sulphate of ammonia 
as utilised in Tgvpt. and as noted by Crowther, the plants 
utilised it in the form of nitrate. 


Sa^dar Sahib Ujjal Singh said that he had tried indigo 
on his farm first as a money crop and then as a green manuring 
crop. He had, however, given up doing so on account of the 
difficultv of ploughing in the crop. Secondly, indigo flourish- 
ed well on sandy soil but not on hard soil. He had given it up 
in favour of sunn hemp and guara (Cgamon<!h psoralioides), 

B 
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Srnji {Slelilottis paniflord) had also been found to be very use- 
ful for improving particularh' the inferior Imlar soils. It gave 
miicli better results than even sunn hemp and gvara vvhich 
eoiild not grow well on sandy soils. He had made an applica- 
tion to the Government of the Punjab through the Agricultural 
Department to allow the use of senji as a green manure crop 
and give it the same concessions as thev had given in the case 
of sunn hemp and guara, but so far the Government had not 
granted that concession to the zamindars. He said that if this 
iioard could secure to the zamindars this concession with re- 
gard to senji, the zamindars would greatly benefit by it. 

■Mr. Roberts drew attention to the necessity of keeping the 
economic aspect regarding the use of these organic manures 
more permanently before them. Referring to green-manuring 
he said that in irrigated tracts it did cost a great deal of 
money. To start with, apart from the cost of seed, ploughing, 
irrigation and ploughing in the green manure, they had really 
to take into account the value of an alternative leguminous 
fodder crop. That was probably the most correct way of ap- 
preciating the actual cost of green manuring ns the farmer 
himself looked at it . He had to take into account whether if 
he had not grown green manure, what would have been the 
value of the fodder he could have grown on that particular 
area, and if they calculated the cost of nitrogen on that basis, 
he thought, they would get a more accur.ate idea of what green 
manuring in irrigated tracts would cost. There must be some 
very definite reason for the lack of i)rogrcss in the spreading 
of green-m.amiring. The Punjab Government and the Sind 
Government also wore giving remissions in the case of green 
manuring which was grown and ploughed in, but this item was 
a comparatively small proportion of the cost of green manur- 
ing. Ho then referred to (he question of composting. There 
again he thought a great deal of work on the economic side 
ought to Ih! taken up and worked out. He thought that in the 
future this nndouhledlv was going to lie the most profit.able 
line for the varioiai Agricultural Departiueuts, i.e . to study 
how to make anil comierve the best material that they had avail- 
able in the village and on the farm; what techninue'was requir- 
efl. Various avaleraa ahonid Ih> tried to see whether it was 

/leceiisary to dig pita anil if an what depths of pits, etc and 

v/hether alnillaiiv gmal rcanllii would not l-e obtained ,at some- 
.»hai ICTI eo'l hv ('alherino the refnae on the surface and treaU 
ing it willaiiil havini! to illg pita lie nlressed the verv great 



11 ) 


importnncc of studying and working out the economics of these 
various systems. 

Mr. Richards referred to the difiiculty of getting the culti- 
vator to take up composting. That in general was found to 
ho the greatest difriculty where tlie elaborate methods of com- 
posting which were recommended from Indore were attempted 
to be put into practice in the villages. It involved the carrying 
of all waste material from the fields to the dbadi. It involved 
frequent carriage of water from the village wells by women of 
the liousehold, to the compost pits. After a very short trial of 
getting composting of this nature going in the villages of tho 
United Provinces, the Agricultural Department came unani- 
mously to the conclusion that it was useless. On the farm, 
however, whore there was an organization, it was probably as 
good a method as any, but it could never spread to the villages. 
Consequently they had adopted the modified system of prepara- 
tion of rain-water composting. The waste materiril was stored 
where it happened to be in the corner of the field all through 
the year, until the break of the monsoon. It was then made 
up after the Indore method, with or without cowdung, with 
the help of green material. Two or three turns during the 
course of the monsoon ensured a very adequate breaking down, 
and the manure would be ready if not in time for application 
in the rdbi sowings at least for the sugarcane for which most of 
this bulky manure was wanted in the Ignited Provinces. I'his 
did not give a concentrated manure. Trials have also been in 
progress for some years utilizing various proportions of cow- 
dung to kutchra and also comparing the effect of pits against 
similar proportion on the surface. They found that with the 
method in which thev utilized perhaps the optimum quantity 
of cow-dung and urine they got u nitrogen content of compost 
which ran up to 1*5 per cent. In rainwater composting-— 
either with dry cattle dung or with green vegetative matter 
put in to help to start fermentation — one would definitely get 
a very much lower nitrogen content, but whether or not that 
amount of nitrosen was of anv great importance was a matter 
for chemists rather than for the laj'man on the chemical side 
to decide. His point wa.s that the additional *5 per cent, of 
the nitrogen was definitely not worth the trouble put in for 
making compost bv the elaborate method. Where rainfall was 
adequate and water had not got to be lifted for the purpose of 
breaking down of compost, the rain-water method was spread- ' 
ing rapidly and satisfactorily after the minimum of demonstra* 

B 2 
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lion. In the Eastern Circle of the Province where rainfall 
was 50 .preparation of ram-water composting was being taken 
up rapidly by the villagers. 

The Chuirtnuti said that it would be helpful if succeeding 
speakers would make suggestions on practical methods of uti- 
lizing vegetable wastes under village conditions. They had a 
useful genera] discu.ssion and it was necessarj- to decide how 
thej; could, under village conditions, practically improve the 
utilization' of vegetable wastes and village wastes and make 
better use of the limited supply of cattle dung. 

Mr. Lou: (Director of the Indore Institute) said that the ori- 
ginal Indore technique of making compost in pits was un- 
doubtedly difficult and rather impracticable under village con- 
ditions. but he thought that the making of compost during the 
rains by the method which Mr. Eichards had described and 
which was followed in essentials at Indore was practicable. 
As 'a matter of fact, the compost obtained from the rain-w.ater 
technique. was not equal in value to that manufactured in pits. 
It -depended to some extent on the material used and they had 
also found that the compost made by the rain-water process 
was not so rich in nitrogen as that made in the hot weather 
and during the winter. At Indore they made about 5,000 
maund.s during the year out of which about 3,600 m.ann(ls was 
made in pits .-ind the remaining being made during rains on 
the surface. He was of the opinion, however, that the method 
of rain-water composting did offer a practical solution .and it 
was probably the best method at present for utilizing the 
vegetable wastes and m.-iuures that existed in villages. 

'Rao Sahib Bal (Central Provinces) thought that the method 
followed by him of preparing artifici.al compost was quite 
simple and did not involve much work. The material could 
be collected in the summer at suit.able pliices in the fields and 
heaps are built up during the rains and left till such time the 
cultivator found time to invert them once or twice. Composts 
were ready for utilisation at the end of the monsoon if prepar- 
ed from soft and leafy materials. If the method was proper- 
ly followed, even 'fifty per cent, of cotton stalks could lie de- 
composed in one season. The addition of ammonium sulphate 
and'urine, wherever possible, helped decomposition.^ If thick 
Runu-hemp was grown on the top of the heap and mixed with 
the material at the time of inversion, it also helped the decom- 
position. Some such method must he devised to enable the 
cultivator to take up composting ns other elaborate methods 
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■were not suitable for adoption in the villages. Since the meet- 
ing of the last Boar4 of Agriculture when a reference to this 
method was made bv him, some cultivators had adopted it after 
"being told that it did not involve much labour, or expense. 

In reply to Dr. Burns* query, Mr. Richards said that in 
the United Provinces good rain-water compost was made with- 
out the addition of urine or ammonium sulphate. Turning 
operations could be very considerably simpliBed where compost 
was being made on a big scale by utilising heavy plough and 
letting the cattle do the work of turning the compost, instead 
of doing it by hand- It was being done by Professor Higgin- 
bottom at the Allahabad Institute and specifications of the type 
of plough, etc., used could be had from him. 

Dr. Rege said that he found difficulty in getting the cane 
trash decomposed by rain-water only which is not sufficient to 
keep it moist. The best method under these circumstances is 
to plough the trash in the soil before monsoon when even this 
cjuantity of rain-fall is sufficient to decompose it. It took 2 to 

months to completely decompose the trash by this method. 

Mt. D. R. Sethi said that compost-making had been taken 
up by a large number of sugar estates in Bihar. The trash 
was collected at the time of han'est. It was inter-layered with 
cowdung or with small doses of old compost. Heaps were left 
until the rains and turned over 2 or 3 times. The estates had 
found that it was best to get this work done on contract in pre- 
ference to either green manuring or the carting of cowdung 
from their farmyards. Champaran and Saran districts had 
adopted it and there was no difficulty in getting small cultiva- 
tors to adopt this very simple method. 

Rao Bahadur Ramaswami Sivan agreed with hfr. Richards 
and said that it was practically useless to think of preparing 
oompost away from the fields As far as possible, compost 
must be made in the field wherever there was a certain accumu- 
lation of waste and as long as that was done he believed ryot 
would take to it However important the manurial value of 
.a compost might be, it was much less important than the value 
of the physical properties of the organic matter. It had been 
shown over and over again that the decomposition of tho orga- 
nic matter helped in the assimilation especially of phosphates. 
The work which he did when he was in Madras distinctly 
showed that mineral phosphates decomposed to a very appre- 
ciable extent whenever green manure or any decomposing 
organic matter was applied beforehand. ■V\Tiat was wanted 
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■was to produce composts in the field -wherever there was accu- 
mulation of waste; that -would appeal to the cultivator and 
would save cost of transport. The manurial value of compost 
. was low. 

Dr. Crowther spealcing as a visitor said that it puzzled him 
to see so much interest focussed on compost, green manuring 
and organic manures in India after his experience in Egypt 
and the Sudan. Presumably all countries have the same aim 
in their experimental work, viz., increased yield per acre, and 
as Egj'pt has achieved a particularly high average yield for 
■ cotton it might be axpectcd that at least in irrigated tracts the 
experimental work in India should show some similarities with 
work in Eg}'pt. It may seem a remarkable fact that neither 
composting nor green manuring played any part in maintain- 
ing the high yields in Egypt and the prospects of their use were 
not considered sufficiently encouraging to justify doing experi- 
ments on them. In Egypt, any farmyard manure beyond the 
requirements for domestic use is utilised usually on the maize 
crop in the rotation. Beyond that the crops receive only arti- 
ficial fertilizers and these arc in general use. Green manuring 
is impracticable for the land is almost continually cropped -n-ith 
either food or cash crops. It is difficult to discover the reason 
for this emphasis on the organic manures here in India. 

•Mr. IF. Sayet wanted to know whether in Egypt the lands- 
under cotton cultivation were fertilised by silt and whether it 
was a substitute for the humus and the organic matter which 
■we endeavoured to put into Indian soils. In A^orth Bihar it 
was found that so long as the humus content of the land was 
retained it did not matter very much what subsequent manure 
■was put. All the e.xperiments with green manuring at Pusa 
went to show the tremendous difference which green manuring 
made in the soil. As regards the method of composting, it 
was found in Pusa to be most advantageous to put in cattle to- 
graze a leguminous crop on the spot and then to plough the 
land. This method they found to be superior than growing a 
green manure crop like sttnn-liemp which had got to be plough- 
ed. The question of rainfall was an important one. It was 
practically impossible to lay down a heai-y manure programmo 
for .sugarcane without en.s'uring adequate moisture. ^ He in- 
stanced the trial made by a planter on Jlr. Hutchinson’s advice 
■in adopting a programme of manuring to his cane crop spend- 
ing about Iks. 50 per acre. The monsoon practically failed in. 
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that year and the manured plot yielded much less than the un- 
manured plot. Mr. Saver concluded by saying that the culti- 
vator would not take such risks. 

Rao Bahadur Visicanath enquired from Dr. Crowther 
about the distribution of rainfall in Egypt. 

Dr. Crowther replied to the points raised by Mr. Wynne 
Sayer and Rao Bahadur Viswanath and said that the cotton 
soils in the Nile Delta, where the best Eg}’ptian cotton is 
gro\vn, do not now receive large quantities of silt. He suggest- 
ed that the traditional belief in the value of Nile silt probably 
arose from the association between amount of silt and amount 
of water. The longer the land was submerged daring the 
annual flooding the greater the silt deposited and the more the 
soil moisture content increased. As regards rainfall, the ave- 
rage per annum in Eg}'pt was about one inch and in the main 
Sudan cotton tract alwut fourteen inches. The soils in the 
Sudan scheme bore some resemblance to the black cotton soil in 
Central Provinces and Central India. The cotton was sown 
in the Sudan towards the end of the rainy season. To Sardar 
Ujial Singh’s quen* as to whether good growth of cotton was 
not due to some rotational effect of cotton following a legu- 
minous crop like berseem, Dr Crowther said that cotton usual- 
ly followed maize or rico with at the most an occasional catch- 
crop of berseem grown in the months November to January. 

Dr. Burns summed up the discussion and said that the ques- 
tion of manuring in theoiy’ and practice and especially com- 
posting had received attention during the last few years, large- 
ly due to Sir Albert Howards’ book “The Waste Products of 
Agriculture”, which was not so much a system of composting 
as a system of farming based on composting. This book had 
stimulated an enormous number of different types of experi- 
mentation on the making of composts to suit the varied condi- 
tions. He did not think that there was any single process 
which had had such an enormous number of variations, all 
successful. Dr. V. Subrahmanyam of the Indian Institute 
of Science was attempting to collect the various sj’stoms of cc-m- 
posting and write them up in the form of a monograph. 

Dr. Burns said that while visiting the Punjab last year ho 
had found composting practically in all Grantee Farms by one 
method or the other. In addition to the usual materials ho 
found people putting stuff like wheat-dust and running refuse 
into the composts. He referred to the remarks of Sir John 




va«; o\]Oninc(l hy Dr. Urnr. He fnrtlicr said tbnt, in tlie light 
so{(«; of Deccan canal area due to heavy rains in Scptemlxir- 
Ortnlvr n!>onl eiphty per cent, of the nitrate formed una leach- 
ed down to the lower strata and when they planted sugarcane 
there was very Jittlo nitrate left in the soils*. They had recent- 
ly tried to retard the decomposition of sunn hy mixing it with 
trash. Generally fifty per rent, of the trash was mixed with 
whatever green material wa.s availahlc at the time of ploughing 
in Fiinn emp and hy this methml they delayed nitrification of 
sunn liy more than a month lieeause whatever nitrate was 
forme<l it was immediately taken iij) by the trash. At the time 
of planting sugareano .setts alwiit 20 — fiO per cent, more nitrate 
was found in the soil than hy snnn green manuring alone. 

Unn Snhih Ilnl said that he had given in his note (Ap- 
pendix II) n brief review on the dificront aspects of green 
manuring which they had so far liecn able to investigate in the 
Central Provinces. Wiili regard to the cfTcct of green manur- 
ing on the subsequent quality of the paddy crop the results ob- 
taineil conclusively showed that green-manuring alone reduces 
the percentage of * P, Oj in the seed, but applications of nitro- 
gen in conjunction with pliosphatic fertilisers increase it. He 
thought it wa.s necessary that the changes in nitrogen content 
of the soil with difToront green manure crops under field condi- 
tions should \xi stiulicd more closely than had been done in the 
past. Studies on the decomposition of grcen-mamiving plants 
under field conditions sliould also be studied with close atten- 
tion. 

Mr AUnn said that the question of the economic aspect of 
application of green manure in advance of sugarcane, paddy 
and wheat crojis required study. His experience in the United 
Provinces and Baroda showed that the cultivators grew green- 
manure only when they had no alternative crop to sow. 

ilfr. Narayana Iyer said that the question of growing of tho 
green manure crop on the field and burying it into the soil was 
rather impossible in many localities in the Travancore State 
because of the very heavy rainfall which ranged from early in 
June to the middle of September the total rainfall being about 
80 to 90 inches on the average. The niost important crop 
grown was the rice crop. Two crops of rice were grown every 
year in the majority of the area available. The growing ot 
green manuring crops was out of the question, and they were 
therefore growing green manuring trees. The green leaves 
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-loppings of these trees trere plongied into the pnddled soil 
oMore sowing the paddv seeds or transplanting the seedlings. 
Vi cen the seedlings established themselres a top-dressing of a 
nitrogenous nianiw Hire animomran sulphate was giren. This 
srsteni of manuring was working quite satisfactorily. 

Ato Safiib Thidnni referred to the point raised by Jlr. 
Boberts of the economics of green manuring in irrigated' tracts. 
He had mentioned th.at mere concession of assessment bv Grov- 
erinn£itt was not siiBicisnt for the cultivator to resort to green 
manuring. He pointed out that the Sind Gorernmcnt" h.ad 
given a further concession in allowing the cultivators to take 
one cnttrng of the crop ns green fodder. That had been a 
great incentive to tbe cnltivaior in addition to the concession 
of free assessment of the crop. In Sind, at any rate, that was 
one of the potent sonrces of maintenance of the soil fertility 
and comp.ared to the other sonrces of manuring, namely, farm- 
yard. TOmpMting and artificial manures, the.v considerably 
relied bn tin's process of maintentince of the soil fertility to be 
adopted in general cnltivation in Sind. One of tbe methods of 
green manuring which they had found n.^efnl in Sind wn.s 
growing, with cotton, alternative rows of When owar 

had grown for about a month, it was buried into the roil. This 
etperiment had succeeded in different p.arts of Sind. He 
therefore recommended that some such practice whereby altmg 
with money crop one oonld do groen manuring side by_ side 
woiild be most successful and would appeal to the cultivator 
more than the practice of growing a green manuring crop 
alone, 

Eeierring to the rem.arks m.ade by one of the spe.akers in 
regard to the value of s-'nji as a green mannre crop, he said 
that as a fertilizing crop it had been found verv useful though 
it niieht not be as valn.abje a fodder crop .is berseein and other 
rob! legnminous crops, bnt it w.as very easy to grow. ^ It did 
not require as much water as K'rseem. He therefore felt th.at 
ss.nff vvas reallv a verv valu.ahle crop both as fodder and as 
green manure. 

The rhnirtnitr, said that the subject was now open to discu.s- 
sion. He drew attention of the Board to the fact that in IbSo. 
a committee was appointed which -presented a report on green 
manurina. He then read ont relevant portions on pages 31 
and 35 of the proceedinp where suggest ions wen? made regard- 
ing the directions in which investigations might be of Yr.lne. 
The Board would be interested if spe.akers ccnld mention any 
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instances of successful ■work or of experiments which had given 
definite results along these lines. He suggested three points 
for consideration. Had any definite advance been made in 
green manuring methods ? Had they any new instances of the 
successful introduction of green manuring into general agri- 
cultural practice? Had concession irrigation rates, ^^hich 
had been tried in various parts of India with object of en- 
couraging green manuring, produced any marked effect and 
what was the position in regard to such concessions at present? 

The Board adjourned at 1-0 P.M. to meet again at 2-30 in 
the afternoon. 


Colonel Maclean said that in an experiment started by ilr. 
Clift in which he grew cane after a fallow, after maize and 
after green manuring, the extraordinarv result was that the 
yield after green manuring was invariably lower than it was 
after a bare fallow. It was so marked in the last three years 
and on two different farms that he was thinking of altering 
the rotation — green manuring, cane, fallow, wheat and to bring 
it round the other way— green manuring, wheat fallow cane. 
He had no idea why the fallow should be better than the green 
manuring but their results were obvious and significant. Ho 
had deputed a man to work out the economics of the whole 
system As regards green manuring, planters m Bihar uho 
had given up indigo planting and had gone in for sug;nrcano 
grew their crops without exception with sunn and gave invari- 
ably at planting time a maund of double super mthout which 
the results were not good. He always recommended dUincln 
(Sesbania aculeata) in green '"'"’"■''"S. ‘he price of which was 
the same as that of sunn, but the seed-rate was half and so 
there was a saving of fifty per cent, in cost, further dhaincha 
stood waterlogging better than sunn. Moreover, as had teen 
pointed out by Mr. Hutchinson, at Pusa, in a year of deficient 
Sail there was more moisture left in the sod after a crop 
than after a crop of sunn. In such areas germi- 
natfou was better after dbaiUa. Summing up he said that 
the dhaincha might te given a wider trial. 

In reply to the Chairman’s query regarding the interval be- 
tween the turning in of the green manure and the planting of 
cane, Colonel Maclean said that they sowed the green manuring 
sop at the break of the monsoon in the middle of Juno and got 
it in if possible about the beginning of August. The cano 
planting did not begin until the cold weather about the third 
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week of January, so the interval was about five months and 
thus there was a fairly extensive fallow. 


Dr. Basil said that they had been trying some indigenous 
leguminous weeds on the Padegaon farm for the last three 
years as green manure crops and found one of the local need 
Alysicarpus belgaumensis giving sufficient amount of green 
material and improving the soil tilth considerably. It Earned 
in no way inferior to sunn-hemp. Dhainclia proved success- 
ful on heavier types of soils. It was likely to improve the 
quality of such soils as it removed the exchangeable sodium 
from badly chopanised (alkali) soils. 


1/r. Jenl'ins said that it was not an uncommon experience 
that the crop, after a green manure crop had been ploughed 
in, was inferior. In Europe and in England partieularly, ex- 
perimental work was going on on the comparative value of 
erreen manuring crops and fallows. A light dose of farmyard 
manure given in conpinction with green manuring crops I'cfore 
the "rcen manure crop was ploughed into the soil was giving 
lietter results than green manuring alone Similar results 
were also obtained in EoraKay where an additional light does 
of farmyard manure was found more useful than green manur- 
ing alone. 

In reply to the Chairman, Mr. Jeitl-im! said that the green 
manuring practice was inereasing amongst the cultivators and 
the t'se of sunn-hemp had passed into genera! praelice. Mo 
concession had been given in the way of irrigation. 

Dr. Burns pointed out that at one time there was a conces- 
sion as regards sunn-hemp areas. The water r.ates were fore- 
gone. 

.Ifr. Jenkins said that that concession w!is still in vogue but 
there was no other particular concession. If sunn-hemp was 
used as a green manure, w.ater was given free. 


Mr. Mukcrji (Iinitcd Provinces) said thev had used green 
manure in the case of paddy at Nagina and it was curious that 
green manure in conpinction with superphosphate did not 
bring a .satisfactoia- yield. In other provinces in India it was 
ti,e common experience that green manure when combined 
with superphosphate g.ave excellent results. Experiments 
were al'o carried out at Plialijahanpur regarding the relative 
siutabi''‘y of difierent parts of a green manure plant (sunn). 



nltbfiiipl, tltP ^^crc not PtniiMicjillv PignifiMnt, vet on 

l*jc ^lm1p tJir yirld fipirc*^ for cnnc Iciidpd to sliow tliat’better 
roMiItc \vrrr o’.inttied ^^ith \on\c^ than with stems. It was 
alto jmtirorl t!jat in ereen-mainircd plots the nitrogen-content 
in llio fiff-t of tlio soil was definitely higher tlian in the 
sooond font whereas in n ncigh1>ouring plot whicli liad not been 
preen manured nitrogen just after the monsoon in the top soil 
Was Inner than in the first to second foot laver. 

Dr. Vndinrh instanced the case of Wc.stcrn Canada where 
preen manures had ly'cn experimented a good deal. Eventually 
it vas found that due to high carl)on/nitrogen ratio there was 
an immediate dojirfssing efTecl on the nitrifying organisms in 
tlie soil. JlainfnK in Western Canada was verv very low. 
After summer fallow when the land was idle for eighteen 
months there was great increase of nitrogen. 

Dr. JlvrvK said that in England it has l>cen found that 
nitrogen in the natural manure might he locked up by drought 
or cold and that it could l)C relca.«ed bv the addition of arti- 
ficial manure. Dr. Urge explained his experience in the 
I'adegaon research station and said that so far as sulphate of 
ammonia was concernc<l it would Ik* taken up immediately by 
the green manure hut it would not liclp in the decomposition 
of the green manure The experiments conducted with sunn- 
hemp sliowcd that with the addition of superphosphates the 
yield was 0.000 Ihs hut without the addition of phosphates the 
yield was only 4.000 Ih.s .Ifr Allan said that if crops like 
joxcar would bo cut early and tlieir stumps were ploughed in, 
the next wheat crop was a good one ^Ir Richards said that 
the question whether snnai {crotolarin) was useful or not for 
the succeeding crop was afiected by several factors and unless 
one knew precisely as to xvhat had happened it was not possible 
to arrive at any definite conclusion In the United Provinces 
the difficulty was that if there was no rain in the first part of 
the cold weather in unirrigated tracts the nitrogen in the soil 
was taken up by the decomposing green manure which competed 
with the crop that was sown. Consequent^’ it was not possi- 
ble to judge. He said that Mr Clarke had done a considerable 
amount of work at the Shahjahanpur Station on green manure 
along with the nitrogen cycle of soils. His conclusions were 
that one had to depend on two kinds of organisms, namely, 
fungi and bacteria before the material in green manure was 
made available to the plant. Unless there were right condi- 
tions in the soil one could not expect to have green manure 
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available for the rahi crop. Experiments on the various as- 
pects of green manuring on scientific basis were now in pro- 
gress at the Shahjahanpur farm and results would be available 
m a year or two. 

The United Provinces irrigation rates definitelv encouraged 
the development of green manuring practice. Mr. Clarke did 
most of the work in the Robilkhand area with the improved 
Coimbatore canes, but it did not appear to have spread even 
though the irrigation rates were nominal. On the other hand, 
in tlie new tube-well area where there was intensive agricul- 
tural development people paid high rates and grew°green 
manure for their sugarcane crop. Green manuring did im- 
prove the yield of sugarcane, but it was not known whether it 
was a paying proposition to the cultivator. In .answer to the 
Chairman Mr. Richards said that the irrigation rate for green 
manuring in the Sarda Canal area was from annas 8 for lift 
to Ee. 1 for flow. 

Major Prideavx complained of the high water-rates for 
growing green manure in the Punjab. If the paUcari found 
that the crop had been cut or had been grazed, the charges for 
growing fodder were charged. The representations made to 
the Government were unsuccessful. No concession was given 
to the rahi crop, berseem or senii and therefore the spread of 
growing green manure was checked. In reply to a question 
from Jlr. Richards. Rao Sahib Bal replied that they had tried 
only one non-leguminous crop Kodojira {Vernonia cinerca) in 
the Central Provinces which was successful. Rao Bahadur 
Visieanath said that in regard to ploughing in there was no 
difference between non-leguminous and leguminous plants, 
but leguminous plants were preferable. 

Dr. Bums summed up the discussion and said that so far 
as green manuring w.is concerned it would seem that there 
were many factors the effect of which was not quite under- 
stood. It’seemed to be largelv a onestion of effect of soil 
conditions on the manure itself. So far as sunn-hemp in the 
Peccan was concerned, the difficulty of deprcs.sion of yield of 
the succeeding crop had not arisen. This might be diie to the 
rerv much greater speed with which decomnosition took place. 

The depressing effect of green manure which was not fuHv dis- 
integrated might, as Pr. Padwick had remarked, be due to 
the increased carbon-nitrogen ratio. The green-manuring 
method should be adapted to suit the soil and climatic condi- 
tions. attention should be paid to the Proceedings of the 

Green hlaouring Sub-Committee of the last Crops and Soils 
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Wing in order to get sonic kind of coherence and uniformity 
in the results. He concluded by saying that a considerable 
amount of progress had been made and the reasons for varying 
results would have to be worked out in the laboratorj’. 

With reference to manuring with artificial manures the 
Chairman said that the total supply of organic manure was in- 
adequate and we had to consider how best it could be supple- 
mented by addition of artificial manure. Artificial manures 
frequently gave their best results when they were used in con- 
junction with organic manures. 


Dr. Lander opened the discussion on this aspect of the 
question, and stated that, taken on the whole the soils of the 
Punjab were not conspicuously lacking in plant food material 
other than humus and nitrogen. The soils in the Rawalpindi 
district however appeared to respond economically to potas- 
sium and to a greater degree to phosphatic fertilisers. Many 
trials with artificial manures had been conducted, frequently 
with significant increases but taking into consideration the 
total cost involved in the emplovment of artificials in doses so 
far tried and the value of the increased yields the returns in 
the great majority of cases, other than with nitrogenous arti- 
ficial manures, were not economic. Experiments ^ye^e being 
■ conducted on some of the major farms in the Punjab which 
dealt with both organic manures alone and with organic 
manures in conjunction with different types of artificials and 
also with artificials in different combinations Tt was parti- 
cularly necessary to find out cert.ain factors connected with the 
carbon nitrogen ratio in the soil in regard to the use of any 
fertiliser It was quite possible of course that the resul s 
which had been obtained in the Punjab might not be applicable 
at all in other provinces which had entirely different types 
of soil In the Punjab they were dealing mainly with sods 
renresented by the Indo-Gangetic alluvium which was quite 
different from’, say, the black cotton soils of Madras. 


Rao Sahib Thadani said that in Sind they .always gave a 
hasic dos« of bulky manure ."nd then added artifici.al manure. 
They had found that ammonium sulphate when applied to the 
cotton crop gave very useful results soeciaUv at the time of 
flowerino- Apart from the increase in yield, the seed develon- 
ment had been verj' much better. There was also a certain 
amount of increase in the yield of the wheat crop The ei- 
periment'! on artificial manuring had been done only for two 
years and tHev were therefore not able to recommend their use 
to cultivators with confidence. 
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Dr. Burns eaid that the question of price must be discussed 
along with the question of the use of Icrtilisers. In Bombay 
Ibeir experience was that in the case of valuable irrigated 
croj)s the use of sul])hatG of ammonia paid but otherwise it did 
not. I’rom the figures available it could be seen that the 
increase of sulphate of ammonia was increasing every year but 
the important jiomt was to know how much of it should be 
applied to a particular crop. Mr. Uichards had pointed out 
that in the case ol sugarcane balanced manuring was parti- 
cularly essential, othcr>\isc there was a drop in sucrose 
I>erccntage; but tliis diflicuUy had not been noticed in the 
cxjicrimcnts carried out by the Maharashtra Chamber of 
Commerce in the Bomba} Presidency. Yields of about one 
hundred tons per acre were obtained without any depressing 
clTcct on the .microsc. Throughout the experiments the manure 
was very largely nitrogenous, water was put on in very largo 
quaiuuic" But It was an important point to be looked into 
as almost all trials carried out in the anti-tropical belt showed 
that depressing cfiicct on sucrose At tliis stage therefore it 
was advisable to leave the matter where it was, viz., that 
where it paid, artificial nitrogen might be used, where it did 
not pay it should not be used and where it was worth while 
using, particularly in sugarcane, it must be used in a balanced 
form. 

The Chairman said that the discussion brought out the 
fact that we needed more statistically valid results as to the 
elTects of artificial manures on crop-yield. We also needed 
accurate records of the prices of the produce and of the 
manures 'Without these it was not possible to state at any 
particuiar time wl.at tlie system of maDuring ought to be. 
The Fertilisers Committee of the fmpenal Council of Agricul- 
tural Research Imd drawn attention to this point and recom- 
mended that future mantirial experiments should be designed 
to find out the proper ratios between nitrogen, potash and 
phosphates as manures for different crops, careful records being 
kept of prices and composition of the manures and the prices 
of the produce. 

<!iihieet VTTI —A Ecvlcw Of the application of Statistical 
tLory to agricultural field experiments in India. 

The Chairman before taking up this subject thanked Pro- 
fessor Mahalanohis and other University rejiresentatyes and 
nfficeJ^s of other Departments coming to help in their delibera- 
tes He welded specially the University members and 
representatives of the Irrigation Department, who had come at 
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Dp small sacrifice in point of time. The Board was fortunate 
to have the presence of Dr. Crowther, whose work in Egypt 
was well known to many members and who had already taken 
part in the discussions. His advice on field experiments 
would be most valuable. The object of all field experiments 
was to enable the Agricultural Department to make practical 
recommendations to the ryot. Most people had a pathetic 
trust in averages but they might be the most dangerous things 
in existence. ft had been recognised that field experiments 
must be extremely carefully planned and properly interpreted. 
Be invited Professor Mahalanobis to open the discussion. 


Professor Mnhnlanobis in introducing the subject said he 
felt honoured to open the discussion. He had no intention to 
inflict his long note (Appendix III) on the Board but would 
bring out its salient points. He then explained in detail the 
great changes that had taken place in the lay-out of agricul- 
tural experiments due to the utilisation of methods devised by 
Dr. R. A. Fisher. The first principle of this method was the 
application of the basic idea of sampling, viz , that the plots 
should be representative: hence the so-called random arrange- 
ment of plots within an experiment. The second principle 
was that of replication, i.e., repeating of plots. It was not 
adequate to base conclusions on a single plot. The third 
principle was that of local control, viz., dividing up the area 
into blocks within which the group of varieties or treatments 
to be concerned was repeated. The Imperial Council of agri- 
cultural Research was responsible for the introduction of the 
Fisherian technique in India The first experiment based on 
these iirinciple.s was reported in the Inr/inn .tournnl of Aori- 
niltur'i! Scienrr, in 1931. The first complex cx|)erimcnt was 
laid down in India in 1033. He further complimented the 
Imnerial f'ouneil of Agricultural Research for starting a 
Statistical Section at its lioad nimrtcrs and thanked the Coun- 
cil' for grants of funds to his l.aboratorv in ralcuttn thereby 
enablin'' agricultural officeis from various provinces to visit 
the lalmratovv and get fir.sl-hnnd information of the thcorv 
•of ' statistics 'api'Iirable to agriculture. He said that the 
° • eritnenter must be careful not to attach undue importance 
isolated result which might appear to he statistically 
"llicant and .vet did not fit in with the general agricultur.al 
*'r''ric'uec. P'ueb ix-sults sliouhl not bo ignored, but neither 
. liould lie aceeiited iiiilil eorroborated by further c.xperi- 
■thev s other hand, results statistic'allv insignificant 

meats. 

\' 




36 


Dr. Crowther narrated his experience in the Sudan in 
applying Fisherian methods to agriculture. He started the 
experiments in 1928 at a time rvhen available information was 
confined to the results of a few Latin Square lay-outs. By 
combining the four factors of sowing-date, spacing, amount 
of irrigation and amount of nitrogen in the same experiment, 
making a total of 288 plots in the one experiment, new inform- 
ation had been obtained on the inter-relation of the factors. 
Thus with a range of sowing-dates spread only over two 
month the early sowings were found to give similar yields 
whatever the spacing between plants, yield being determined 
primarily by the amount of nitrogen and water supply. With 
late sown cotton on the other hand the amounts of nitro- 
gen and water supply available were not very important, yield 
being determined almost entirely by the spacing of the plants, 
close spacings being essential for high yielding. The import- 
ance of close spacing for late sowing is now widely admitted 
and the cultivator’s practice is modified accordingly. In 
1934, experiments were started in Egypt and similar multiple 
factor experiments on variety and manuring problems reveal- 
ed wide contrasts in varietal behaviour. Thus, the two 
varieties Giza 7 and Maarad do not differ greatly in yield on 
average soils but. when manured with nitrogenous fertilizer, 
Giza 7 comes out signific.antly superior to Maarad and when 
manured with Superphosphate their order is reversed, Maarad 
being significantly sunerior to Giza 7. These inter-relations 
between the various factors limiting growth can only be re- 
coi'nised by the conduct of multiple factor experiments. Dr. 
Crowther Ws surprised to .see so many .single factor experi- 
ments in progress in India, and he particularly deplored the 
practice of doing single factor spacing or m.anuring experi- 
ments for five or ten vears before making use of the results. 
After such a long period the varieties popular would no longer 
be the stime as when the experiment was started, the results 
being out of date before pnblieation. With a multiple factor 
experiment it should be possible on irrigated tracts to have 
valuable information within three seasons. 

Professor Mahalanabis said that he was glad that Dr. 
Crowther had emphasised the carrying out of complex experi- 
ments. In the case of four-fold complex experiments on rice 
in Bengal it was found that an increased number of seedlings 
was necessary to make up for late transplanting. As regards 
irrigation they had designed one or two experiments in the 
laboratory at Calcutta and not thinking of laying them down 
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results if intelligently applied. For this reason he was not 
keen on sending out from the Centre any set of rules for crop- 
cutting experiments. 


Dr. Ramdas, with reference to Professor Mahalanobis’ 
remarks, pointed out that last year the International Commis- 
sion of Agricultural Meteorology, sent out a questionnaire 
asking them to start phenological observations in India, their 
idea being to select two or three typical plants on which these 
observations could be based. The matter was referred to the 
Imperial Council of Agricultural Research and it was now 
with the Indian Botanical Society. A committee was taking 
steps to draw up a list of plants suitable for India. The 
siibiect would bo referred to the next Indian Science Congress 
and be hoped a scheme would be formulated. With regard 
to perm.anent climatic series, the difficulty was that yield 
data, other than averages for an experimental farm as a 
whole, could not be obtained. It was therefore difficult to 
draw up very accurate relations between climate and the 
yields of crops based on such data. Dr Fisher, had drawn 
un a precision scheme for British workers on Agricultural 
MctcoroIo''V. A number of plots was assigned for this pur- 
nose certain rows selected at random and on each row a 
Lmnling rod was placed and certain plant characters (e.g-. 
heiebt number of loaves, etc.) were observed : for wheat he had 
desTaned a particular sampling rod. IMcasurements were 
miide at intervals during the growing sea.son and at harvest 
so that the life historv of the crop from the date of sowing to 
the date of harvesting' was known. They had tried a modified 

form' of the precision scheme with wheat at Poona and with 
rice at Kariat. It was proposed to discuss the results of the 
" ijlvsis of four year.s’ data already available noth Dr. Fisher 
when he came to Poona. After putting together the re.siilts 
obtained it would be possible to formulate a scheme 

Ifr Rkhnrds said that he would add his praise for the 
review which Professor M.ahalanobis had presented He pro- 
rioscd that with the pennission of Professor Mahalanobis and 
tl Board several copies of tlie note might be printed and cir- 
„ leted itmom' the stall of the Agricultural Departments in the 
Provinces Altlioiigli Professor Mahalanobis had avoided 
tivimr formula;, he suggested that technical terms in the 
kl,te f (I co-variance, standard error for mean yield per 
I t etc "wliicli were likely to form an obstacle in making the 


note clear to a non 
micht ho defined in a 


-mntlinnntical and iion-statistical mind, 
simple language. Growth records as 
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•advocated by the professor -was not likely to be very helpful 
in working up their correlation with the yield in cotton in 
the crop due to the unevenness of the data caused by the attack 
of Pink Boll worm In regard to the need of multiplicity 
of experiments in different areas he was up against the diffi- 
culty of knowing the number of different plots for obtaining 
good results. His experience in the complex trial of cruci- 
ferous oil seeds extending over four years did not give the 
necessary correlation of aphis attack. 

Professor Mahnlnnohh was of the opinion that a satis- 
factory results could be obtained by carrying out multiple 
•experiments at eight to ten places. 

Rao Sahib Thadani said that they had been carrying out 
all their experiments under new methods in vogue under expert 
statistical advice and interpretation at one or two particular 
research stations in Sind While they were satisfied with the 
superiority of the results, tlie r>’Ot to whom the results were 
demonstrated attached little importance if the differences from 
the average were small. It was not right to go to the cultivator 
unless large intrinsic advantages were obtained. He wanted 
to know the limit of percentage increase over the average 
variety at which the cultivator should be approached for test- 
ing the results of the research station. 

He wanted to. know the smallest size of plot on which he 
could carr>’ out the trials to get convincing results for his own 
satisfaction Further he felt that results of a single trial 
carried out at a research station were not applicable all over. 
He wanted to loiow the number of trials required to give satis- 
factory results. 

Professor Mahalanobis in reply to Rao Sahib Thadani said 
the magnitude of difference was not a point for the statisti- 
cian to decide. He thought that results were within an error 
of five to ten per cent it -was useless to demonstrate to the 
cultivator the results of experiments conducted in the laliora- 
torj'. It was not worth spending any money on an experi- 
ment which showed only one per cent, increase in yield. Field 
trials in such cases should he undertaken by the Department 
itself and the Statistician could help the Department by 
analysing the data and interpreting them. In regard to th*e 
question of number of trials, the argument emphasised the 
carrying out of multiple trials advocated in the note. Re- 
sults of research stations only hold good for research stations 
and it was therefore necessary to carry out a number of trials 
spread out in different tracts. 
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The Chairman pointed out that Mr. Thadani’s question 
■was answered by the recommendation of Sir John Hussell who 
said that the results of carefully laid-out experiments at 
research stations should be translated to the cultivator’s field 
in a simpler form and under more practical conditions. He 
wished to mention one more point which was occasionally over- 
looked. In much laboratory work on natural products soils 
and manures one was dealing? with non-uniform material so 
that accurate sampling, adequate replication and the proper 
statistical interpretation of results were as necessary as in field 
experiments. He quoted as an instance the work of the- 
Indian Central Cotton Committee on the quality of cotton. 
The effect of meteorological factors on the quality of cotton 
had been investigated at the same laboratorv in co-operation 
with the agricultural experiment stations. Standard varieties 
of cotton were grown at a number of stations throughout India 
on a particular plan and in normal rotations and quite 
interesting results had been obtained on the effect of season 
and climate on the spinning value of cotton. 

il/r. Jen1cin$ suggested that Professor Mahalanobis’ note 
might be published in the Council’s iournal as it would be of 
much value to many readers Professor Mahalanobis said that 
he had already agreed to collect the data as regards standard 
error in regard to all the provinces in India and to re-write the 
whole note as the one submitted to the Board was written in 
haste, and contained data pertaining only to Bengal and 
Assam. The Chairman promised that the revised note would 
be" published in the Indian Journal of Agricultural Science. 

The Board adiourned at 6-15 p.m. to meet again at 10-30' 
A-M. on Tuesday the 7th December 1937 
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PROCEEDINGS. 

Second day. 

The Meeting commenced nl 10-30 a.m. 

Subject I. — A Review of Soil Survey work in India upto- 
date with suggestions for the future. 

The Chairman said that the Royal Commission on Agri- 
culture in India had recommended that soil surveys should be 
undertaken mainly in connection with specific problems. Sir 
John Russell had by inference «>mmcnded this method of 
approach in his recent report At the last meeting of the 
Crops and Soils Wing, the same view was taken and sugges- 
tions were made as to how the information collected in the 
course of such local surveys could be co-ordinated. 

Two conclusions were arrived at during that meeting and 
these were recorded on pages 22 .and 23 of the Proceedings : 
These were : — (1) That there was a great necessity of soil sur- 
veys in connection with any new irrigation project — a point on 
which Sir John Russell had laid great emphasis. (2) Co-opera- 
tion with the Geological Sur\'cv of India in the matter of soil 
surveys was most desirable. 

Mr. Jenkins enquired if it was the intention to frame 
resolutions later on on the subject. The Chairman replied 
that as this meeting was mainly intended for the interchange 
of opinions amongst research workers and agricultural officers 
resolutions were not necessaiy unless they emerged from the 
discussion. Any resolutions which seemed necessary could be 
framed at the end of the debate. 

Dr. Basu then read a summary of his paper (Appendix IV) 
reviewing the soil survey work in India up-to-date and made 
the following recommendations ; — 

He would recommend the formation of a Soil Bureau under 
the control of the Imperial Council of Agricultural Research 
whose function would be — 

(i) to guide and co-ordinate the soil survey work all 

over India on the difTerent soil groups already 
outlined, 

(ii) to collect and compile all the available information 

on the Indian soils. 

Three difTerent sources of such information are (a) the 
Settlement reports (6) records of the Geological 
Survey of India and (c) the reports of the agri- 
cultural departments of different provinces. 
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Lahore. Both these organisations dealt with the problem of 
Kalar. A considerable amount of land had gone out of culti- 
vation and a great deal more was going out of cultivation on 
account of Kalar. The Department had therefore to investi- 
gate the problem and to determine whether a particular soil 
was alkaline or was likely to become alkaline before any irri- 
gation projects were undertaken. Along with this survey 
work it was also necessary’ to keep a check on soils which were 
being irrigated by canals or tube-wells. This would enable 
one to keep a periodic check on such soils and so ascertain 
whether they were becoming alkaline. It is a common experi- 
ence that shortly before becoming so definitely' ‘kalar’ or 
‘alkaline’ as to render plant growth almost impossible, soils 
frequently give bumper crops, so that the condition of the crops 
may deceive one as to the actual condition of the soil. The 
Irrigation Department was working in collalioration with the 
A.gricultural Department but was confining its attention to 
large scale kalar survey work. The Agricultural Depart- 
ment had recently reconsidered its policy and the future pro- 
gramme of work to be carried out bad been laid down on the 
following three main lines • — 

(1) To take a small area of land of say twenty-five acres, 
which was known in places to show a tendency to 
develop kalar and to map this out carefully in 
sub-units so that soil bores could always be accu- 
rately located at a future date, and to keep a 
careful check on the composition of the soil from 
year to year down to a depth of 10 feet or more 
In the Punjab the periodic trouble, known as 
‘Cotton failure’ is suspected to have some con- 
nection with the concentration and types of salts 
in the soil Such a study as the one just indi- 
cated may throw some light on that phenomenon 
and would constitute an intensive hut very local- 
ised soil survey. 

(2) The Departmental I'arm at Lyallpiir has lieen select- 
ed as a* representative farm- unit for careful 
analysis into soil types, riz.. good, intermediate, 
and poor terms based on the known qualities of 
these soils and the crojis they produce. These soils 
types will Ijc studied by combining caicful ana- 
lytical work with crop products and manurinl 
practice. 
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(3) T)ic Punjab can be divided louglily into climatic 
belts of more or less even rainfall. Soil profiles 
to a depth of 10 feet will be taken throughout one 
of these rainfall belts for the purpose of prepar- 
ing a soil map and the work extended to other 
belts in due course. 

The Chairman invited Mr. Higsby and Mr. Bedford, Chief 
Engineers, Punjab, to give some account of the work that was 
being carried out in the Punjab Irrigation Department. 

Mr. Hiashxj explained the aerial jihotography method for 
determining the halar areas in the Punjab. The white patches 
in the photographs showed places alTcctcd with halar. The 
photograph snowed that the estimates of pativaris were inaccu- 
rate. The definition of a talar area was one which did not 
produce a four anna crop. The aerial jihotograph survey could 
bo carried out with an error of only five per cent, and this 
method was considered to be more suit, able than sending out 
squads to determine whether a soil was talar or not. The 
Punjab Government were considering carrying out a much 
bigger survey by this mettns. 

.Ifr. flrdford said that the Punjab Irrigation Department 
was greatly interested in the movement of soil salts. So far 
tliev had been dealing with the problem by digging surface 
drains They had not been able to tackle the question by 
lining the canals as it was a very big and expensive job. 
TJie soil might bo descrilicd as a lied of sand with loam or clay 
on the surface ns a lid. It had lieen .seen from the suli-.soil 
water contour plans that along the main eanals there was a 
definite ridge in the water-table. In fact it was so marked 
that in the" plan without the main canals the lanal could lie 
marked out by the ridge. This ridge disappeared near the 
tails of the bigger canals. The suggestion that n.as put for- 
ward for this phenomenon was tb.at the amount of cla\ lielow 
the tied of the larger canals was snmll and there were'certain 
regions where there was no elay below the lied at all and so a 
large amount of water re.ached the sul, .nit from the larger 
canals The irrigation department w.as scrinush- tliinkiiig of 
linine the larger can.ats to .stop such lealcage- The Ite.e.arch 
Iiistiuite of the I’linjah Irrigation Deiiarlmciil I clieie that a 
hi'di deori-c of imi>erme;ibilitv criuld Iv got bv mixing i.arih 
wftti a rertain amount of v,»Iiuni .arlsinate. ’ This was also 
1 -in" examimsl. lleferrring to a fKiitil in Dr I.aiiiler's note 
.vuiiteil out that a bumt"T crop imuiediately iK-fore the land 
d.lerioratrd. might 1»- due to the i».int from where the roots of 
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the crop could get a good deal of moisture and produce a 
bumper crop. This water threw out the salts as well and 
when the salts reached the surface the land went out of culti- 
vation. 

The Chairman suggested that the discussion should now 
proceed on soil surveys in relation to irrigation and alkali 
problems and returning later to the question of soil surveys in 
general. He invited Ur. B .K. Mukherjee to speak on soil 
work in the Sarda canal area. 

Dr. B. K. Mukherjee said that Dr. Basu had suggested that 
the soils could be classified into eight broad divisions, i.e., 
desert, alkali, black cotton, red, yellow, forest and hill, lateri- 
ties and meadow soils. Notable advances had been made in 
soil survey investigations in some provinces, chiefly Madras 
and Bombay; but the progress of tlie work in other provinces 
was not quite so marked. He thoiiglit it would be verv much 
simpler if to start with a nucleus was formed as suggested by 
Dr. Lander on a small scale. This nucleus, however, small, 
must precede all attempts to classify the soils of each province 
on an ambitious scale chieflv because the magnitude of the 
work in India varied and also because of tlie limitations that 
existed in provinces in regard to men and money to undertake 
any large scale projects of this nature. Once comparativelj 
simple facts were knowm. it would not be difficult to consoli- 
date the results and classifv th6 soil« according to the various 
groups of the thermogenic division following the genetic sys- 
tem of soil clas'^ification or into divisions of Pedocols or Pedal- 
fers following Marbut’s svstom of classification Recognis- 
ing this fact, the Soils Committee of the Board of Agriculture, 
at its meeting held in February 1935. recommended that such 
simple data as texture, colour, level of water and pH values 
etc., for typical soils should be recorded and having determin- 
ed those facts monoliths should be prepared before embarking 
on a detailed soil study. A^ordinsly a preliminary survev 
of the more representative soils of the United Provinces has 
been undertaken which includes the preparation of soil mono- 
liths from three different soils including usar or alkaline soils. 
Monoliths from alkaline soils did not show any marked varia- 
tion in horizons except that a line of Kankar or lime-stone 
nodules occurring at a depth of about feet. The division 
of the profile into different horizons was well marked in the 
other two cases. Such monoliths are likely to prove extremely 
valuable for studying the composition of the soil at different 
depths of the profile. We do not come across a wide variation 
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or percentage of linie in the normal soil profile although per- 
Ccmage of clay vanes very much in different horizons. Mono- 
liths represented the true characters of the soil in different 
tracts In them the natural soil formation is truly represented 
and they cim be maintained permanently for reference in the 
future. If monoliths of important soil types were prepared 
m a 1 provinces and collected at a central place so as to be 
available to different soil workers in India it would be a verv 
convenient arrangement. Dr. Mttkher, jee further e.Kplained the 
details of work- in progress. The United Provinces soils could 
be divided into four definite groups : 


1. Indo-Gangetic alluvium. 

2. Bundelkliand tract below the rivers. 

3. Hill tract .a distinctive group of soils of very hete- 

rogeneous nature. 

4. Bhabar tract— a narrow strip at the foot of the 

mountains. 


Soil surveys were carried out of the orchard at Chanbattia and 
it showed great variance even at small distances. A soil map 

of the orchard i.s prepared taking profiles ns unit of study 

The soils are definitely acidic; pH value decreasing with the 
depth of the profile. Contrary to e.vpectation the pH im- 
proves with the increase of the organic matter. Silica varies 
from 4-5 to 18-5. As the weathering progressed complete 

mineralisation occurred. 

Begarding investigation in the Sai da area. Hr. llukherjee 
explained that a short time ago a scheme was formed for con- 
ducting soil survey on a small scale in the tract between Unao 
and Lucknow. . That tract represented almost nil the true 
soils of the United Provinces. Certain reclamation work was 
goin"- on, but the chief difficulty was the rise of the water- 
table'! By carrying out a survey of the are.as adjoining the 
canal-irrigated tracts, it was found that a large part of the 
area wliicli was at present uncultivated, could be reclaimed bv 
the simple process of leadiing and cultivation. These soils 
were known ns I’tirlhi. The most difficult thing was to re- 
claim those areas wtiicli did not yield rc.sults bv leachinr' or bv 
following improved melhoils of cultivation. The soil w.as 
troublesome because of the presence of barge qtiantitv of c.x- 
fodinin iii it. Jo hrinj' tijnt soil into normal condi- 
tion would probaMy mean tlio replaccnumt of tlio cvclmnirc- 
,,l,le .sodium by calcium. A s<-Iienie to this effect bad been siib- 
milteil to Government. 
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Mr. Richardson said that so far ns old canals went, broadly 
speaking, they liad no soil clctcrioration problem. They had 
heard from time to time of soil deterioration from Settlement 
Oilicers, but previous Settlement OlTicers had made exactly 
feimilar remarks and an examination of maps and records do 
not show any definite deterioration in tracts irrigated by 
canals. They had possibly been saved from this trouble by 
the fact that they were short of canal water. The intensity 
of irigation in the United Provinces was lower than in some 
other provinces. They also had deep-cut natural drainages 
and many miles of artificial drain had been constructed from 
the early days of irrigation There were two miles of drain 
for every three miles of canal and he presumed tliat for that 
reason they had escaped trouble. The Sarda canal had only 
been recently constructed and it remained to be seen whether 
the trouble will arise there. So far as their observation went 
the spring level as recorded in open wells showed fall rather 
than rise and not as pointed out by Br. Mukherjee. 

Mr. Stexcart asked for information as to the nature of the 
work which the drains did. Were those drains rain-water 
drains or seepage drains as welH 

Mr. Richardson said that, generally speaking, they were 
rain-water drains although some of them carried seepage 
water as well The vast majority of them were rain-\Yater 
drains. 

Mr. Stexcart enquired from Mr. Bedford what was the 
extent or the intensity of the soil sun'ey which had been made 
preliminary to the Haveli project which was to be started. 

Mr. Bedford said that soil surve}’ was made by their Re- 
search Institute and it wa.s based on the method of sampling — 
one sample for every 400 acres. They were now examining 
the question to see what further soil survey should be made. 
The construction of the canal had already started. The 
object of the soil survey was to get help for their colonisation 
work so that the land could be given to allottees with certainty. 
There would not be so many changes in the allotment as used 
to be in the past years Thev had not yet decided what fur- 
ther degree of accuracy was required for the soil survey. 

In that connection there was one point which he would like 
to mention — On the lower Chenab Canal there were large 
areas which were now ruined but which a few years ago were 
excellent agricultural land. He was not quite sure that a soil 
survey would be applicable some years after the canal had been 
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in operation. It could merely be a gnide to Icnow that certain 
lands were obviously unfit. But it would not indicate what 
soils were going out of cultivation in future. The Irrigation 
Branch had decided to complete^ line the main canal in the 
Haveli Project from head to tail at a cost of 55 lakhs of 
rupees because it was so much easier to do the lining at the 
beginning than to wait for trouble and try to deal with it after- 
wards. 

Prof, jtlahaianohis enquired from klessrs. Richardson and 
Bedford the order of the slope of the drainage channels. 
While examining a similar question in Bengal he found that 
a great difficulty in canying off rain water quickly was insuffi- 
ciency of slope. 

Mr. Richardson said that there were two questions, (i) the 
order of the .slope and (iil the intensity of the rainfall. On 
the Sarda canal it varied from eight feet a mile at the head 
to one foot a mile at the end. They generally tried to keep 
it to the minimum of two feet per mile. As regards the in- 
tensity of rainfall, they allowed for a run off vaiying from 
ten cusecs per sq. mile down to two cusecs per sq. mile 
depending on the intensity of irrigation and nature of the 


soil. 

To the Chairman's enquiry as to the extent of reclamation 
work which was undert.aken hv the irrigation department in 
the area mentioned bvDr. 'MHkherieo. Mr Richard.’: said that, 
on this specific question of investigations in the Sarda Canal 
^rea their chemical staff was so limited that it was not possi- 
He't'o proricle for any ven- cxtcn.sive work They were hop- 
to aurrment their small chemical department which might 
nahle them to undert.ake this work on a bigger sciile. In 
' Pjgt instance, what Dr. hlukherice was already carrying out 
small scale was the e.xamiiiation of usnr and scmi-ii.snr 
”” 's on which no reclamation work was proposed to be nnder- 
areas mould give information as to the conditions 

taken. ■ jj^osc areas before any ameliorative work was 

out They would be able to follow up the results 
soil survey arid cropping and see later whether there was 
. consequent alkalinity. 

no Stthih Thndani said that it was not possible to carry 
‘v detailed soil-survey work in Sind owing to hcary cost. 
S”* '"AreliminaD' work had been done by the research division 
Some 11, , ]jo tVorks Department. They had collected certain 
of 11''' * Posed on the examination of the surface including 
field absence of halar, growth of crops or flora and 
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texture of the soil up to three feet. They had tried to 
classify lands into three classes, viz.. A, B and C, on a score 
■card system alloting 200 marks for surface examination and 
absence of kalar and one hundred marks on sub-surface 
examination up to three feet, and one hundred marks for 
flora and growth of crops. The lands getting marks between 
301 to 400 were A class lands, t.e.. the lands which could grow 
good crops without any special improvement. The lands 
classified as B were considered to be such lands which would 
grow good crops after certain improvements had been carried 
out. Such lands were allotted 201 to 300 marks. C class 
lands were waste lands which required expensive improve- 
ment development and would not grow good crops. Such 
lands were allotted marks below 200. This system of classifica- 
tion was examined by a special committee consisting of one 
agricultural officer, one revenue officer and one irrigation engi- 
neer who went over and inspected several areas as an experi- 
mental measure extending over about one hundred acres and 
they judged it from their own experience only looking at the 
surface. On comparison of these results, it was found that the 
system adopted by the Research Division of the Public Works 
Department in Sind, came very near to the classification made 
by the Expert Committee. NW it was the question whether 
such a system of classification could be adopted for revenue 
purposes in which case they might be able to ofi'er a certain 
amount of field data, about surface conditions as well as sub- 
surface conditions and which might be helpful in consider- 
ing whether the assessment could be graded according to such 
classes of lands A similar survey could he carried out after 
ten or twenty years as required As regards the cost of such 
a system they* found that it costs only one anna per acre 
by 'mairitainino- a regular division in which there would be one 
officer and three or four classifiers or graders. 

Mr. Jenkins enquired if they were still keeping records of 
the rise or fall in the sub-soil water-table in Sind as especially 
in rice-irngated areas considerable danger might arise from 
the rise of sub-soil water. The Research Department oi the 
Public Works Department used to keep a close watch on this 
and it would be interesting to know what the present position 
was. Ho added that the Chief Engineer of the Punjab had 
iiiontionod that a rise in the sub-soil water-table often resulted 
in a bumper crop before the land became useless duo to excess 
of alkalinity He had found that, in Sind, bumper crops were 
often produced immediately after reclamation, the real reason 
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being that the salts on the surface, if not in excess, had a tonic 
rather than a toxic effect. This vras also supported bv the 
fact that certain zamindars often applied a certain' amount of 
such surface salts to their lands as a top dressing. He was 
glad to know that the canals were being lined in the Punjab 
as considerable damage had been done by seepage water from 
the Rohri canal in Sind which runs actually through a sand 
lavcr lied for about thirty miles of its course. 

Rao Sahib Thadmii said that the observations on the 
snb-soil water-table were still being continued by the Research 
Division of the Public 'Works Department in Sind. They had 
had no such report of the sub-soil water coming up on the 
left bank hut there was a rise on the right bank. It was still 
far from the danger zone. As regards the usefulness of salts 
on the surface of the soil, he agreed with Mr. Jenkins. Their 
lands were saline Imt unlike Punjab they were free from 
sodium carbonate and instead contained plenty of calcium 
carbonate. The observations of the sub-soil water were being’ 
taken very carefully by the Research Division and as soon as 
it was observed that the sub-soil water-table was likely to rise 
to such an extent as to affect crops, it was proposeS to get 
the best advice and see what warnings could be given in that 
direction. In reply, to Rao Sahib D. V. Bal the Chairman 
said that what Rao Sahib Thadani meant by absence of sodium 
carbonate and presence of calcium carbonate was that in Sind 
the alkali in the soil was not mainly due to sodium carbonate 
but due to sodium chloride and stxliiim sulphate. 

.1/r. Roberts enquired from Mr. Richardson as to whether 
there had been any appreciable drop in the water-table in the 
area covered by tube-wells in the United Provinces. One of 
the methods of preventing the rise of water-table was probably 
tiie installation of tube-wells which had been advocated in 
certain areas like Khairpur-Sind. Pumping had shown a 
good effect in that area. He had learnt from the address deli- 
vered by Sir William Stampe in laihore that there bad been no 
appreciable drop in the watcr-t.able in the United Provinces 

.1/r. Rieharilson said that the full number of tube-wells 
provided for in the project had been functioning only for a 
small t>eriod. Construction bad-only recently been completed 
and the fall numfxtr only started functioning^ at the beginning 
of ll'C Kiiftrif. It was too early to sav what effect thev 
\\*ouhl have op the water-table He personally, however, 
viewed the position with some apprehension. 
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il/r. Stcjvart, referring to the rise of the water-table and 
the formation of kalar soils, that they were accustomed 
to believe that the knhr problem was due to the rise of 
saline sub-soil water by capillary action, but at a recent 
meeting of the Punjab Water-logging Board Dr. Mackenzie- 
Taylor’s report indicated that it was not necessarj' for the 
saline sul)-soil water to rise to the surface for the production 
of kalar. The great variation in the humidity between night 
and day temperatures in the winter time was sufficient in itself 
to form salt crystals on the soil surface. Mr. Stewart said 
that the humidity in the day time was of the order of thirty 
per cent, and in the night time it was seventy to one hundred 
per cent, 

Mr. Mrhta (Land Reclamation Officer. Punjab) corro- 
borated the statement of Mr. Stewart He said that evperi- 
raents had shown that it was not necessary that the water-table 
should be saline. Even in cases where the water of the water- 
table was sweet, salt had appeared at the soil surface. 

On the suggestion of Major Prideaus, Dr. Crowther 
described the soil conditions in Egypt and the Sudan and said 
that the clay content in the Sudan was considerably greater 
than any he had heard of in India. There were other im- 
portant factors besides pH values of alkaline soils and he was 
of opinion that attention should he concentrated more on the 
amount of clay— collcidal material in the various soils. Thus 
a Punjab and a Sudan soil may have similar pH values, but 
the alkaline condition in the Punjab soil is likely to be much 
more harmful to crop development than that in the Sudan 
soil, because one contains so little and the other, so much 
colloidal material. The work of Prof. Dastur on ‘Bad Open- 
ing of American Colton” at Lyallpur was indicating now 
harmful these Punjab salts might be. In a hea^y soil the 
clay serves to buffer the whole soil so that the salt content 
can go to quite high limits without deleterious effects and far 
beyond the critical salt limit of lighter soils. 

Dr Burns said that so far as he remembered Dr. Ramdas’ 
work at Poona the layer of soil which absorbed water in night 
from the air and gave it up in the day was very thin. (Dr. 
Ramdas said it was about two inches). Dr. Burns questioned 
if movement in so thin a layer would have any effect. 

Dr. A. A'. Puri explaining the problem, said that it was 
he who was responsible for propounding this theorj’ of soil 
humidity. The two things that should be remembered were 

D 2 
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that the absorption of moisture by the soil from the atmos- 
phere was conditioned by the amount and the nature of the 
salt contained in the soil. There were certain salts which 
would absorb moisture to a greater extent than others and would 
thus make the soil more hygroscopic. The soil which contained 
such salts absorbed more moisture. Another extraordinary phe- 
nomenon was that the movement of the salts upwards was in a 
vertical direction. His observations showed that there was 
enormous variation in salt deposition in the soil even within 
a short distance. He described an experiment which he was 
conducting and said that he was devising a rapid method by 
which a mere examination of soil profiles would indicate the 
amount of alkalinity present in the soil. 

The Chairman said that it was clear that more attention 
has been paid to the soil research since the last meeting of 
the Crops and Soils Wing and considerable progress had been 
made along the lines suggested by the Board. It was satis- 
factory to note that work on more studies of profiles were 
being undertaken. The general question of soil surveys was 
then taken up. 

Dr. Burns said that the important point in Mr. Gorrie's 
note was that in soil surveys the various factors which cause 
erosion should also be taken into account. He referred to the 
work done at various Dry Farming Research Stations specially 
at Sholapur where records of the soil washed away by the 
monsoon and other factors causing erosion were being studied 
and maintained. 

The Chairman invited Rao Bahadur Viswanath to explain 
tjie work that he had started to follow up the recommenda- 
tions of the last Board of -Agriculture. 


. Rao Bahadur Yisu’anath said that as a result of the discus- 
sion at the last Board meeting two conclusions -were arrived 
at— (1) a soil survey of some sort was necessary and (2) we 
should not spend money and do it. In the meantime there has 
been a certain amount of discussion among soil chemists on the 
exact methods to be followed. The time had arrived when 
something specific should be done as there was need for infor- 
mation in regard .to the general make-up of soils in this 
country. It was necessary m the first instance to concen- 
trate attention on a general soil survey of the country and 
■ then devote attention to more local and specific problems He 
had been looking to publish data of soil surveys of various 
-Agricultural departments and by means of the data collected 
I 
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therefrom he had prepared a small skeleton map of the im- 
portant typical soils of the country. Copies of this map 
would be forwarded to all soil workers for corrections, addi- 
tions and alterations with respect to their definite localities 
In the course of soil mappin" it has l)een found that a tjreat 
majority of the plains area is constituted of alluvial soils or 
transported soils. The collection of information would throw 
more lijrht on the specific processes that had been responsible 
for the formation of the soils Samples of soils from cultivated 
and uncultivated areas to the depth of 5' to 6' had also been 
collected from typical experimental stations in India, the idea 
being to examine all the collected profiles bv a set of chemists 
experienced in analytical work and by a set of methods selected 
however arbitrary they might be .When the data are 
collated and mapped and considered along with the dftta 
already available in the provinces it might be possible to 
proceed a step further and then concentrate attention on 
localised areas. It might be possible in this way to build up 
a fairly reliable soil map of the country In the course of 
the study of some of these profiles interesting information had 
already been obtained. In Indo-Gangetic plain where rain- 
fall is low, lower strata are characterised by concretions of 
calcium sulphate. On the other hand, in fairly moist areas 
lime concretions are found. In the south in black cotton soils 
gypsum is found wherever rainfall is less Continuing "Rao 
Bahadur Viswanath said that he was associated with the 
surveys of alkaline soils of the Tungabhadra Survey Project 
One of the conditions then laid down was that in even' soil 
survey started, an Engineer was to look after the irrigation 
side of the soils. He was of opinion that a scientific staff 
should also be maintained to watch how the soils behaved 
under continued irrigation Before he left Madras, the 
Madra.s Government had accepted the propceal and appointed 
a small staff He did not know what the condition*; were now. 

Dr linmdas pointed out that in Dr Basil’s note (Appendix 
IV. on page 2201 reference was made to Bang’s ’‘rain factor”, 
namely the mean annual rainfall divided by the mc.an annual 
tenijicratiite in degree^ centigrade. It was mentioned that 
stations liaMiig a similar 1.4Uig’s factor often differed widely 
in their soils and that the rain factor might not pro\ido a 
useful basis for soil-classification. He was of opinion tliat 
in considering the climatic basis due regard should l>e p.aid 
also to the intlnciu'c of wind and the salnration-deficil of tlie 
atmosjdieie Evaj>oraUon divide<l by rainfall or ciaponiliun 
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,that the absorption of moisture by the soil from the atmos- 
phere was conditioned by the amount and the nature of the 
salt contained in the soil. There were certain salts which 
would absorb moisture to a greater extent than others and would 
thus make the soil more hygroscopic. The soil which contained 
such salts absorbed more moisture. Another extraordinary phe- 
nomenon was that the movement of the salts upwards was in a 
vertical direction. His observations showed that there was 
enormous variation in salt deposition in the soil even within 
a short distance. He described an experiment which he was 
conducting and said that he was devising a rapid method by 
which a mere examination of soil profiles would indicate the 
amount of alkalinity present in the soil. 

The Chairman said that it was clear that more attention 
has been paid to the soil research since the last meeting of 
the Crops and Soils Wing and considerable progress had been 
made along the lines suggested by the Board. It was satis- 
factory to note that work on more studies of profiles were 
being undertaken. The general question of soil surveys was 
then taken up. 

Dr. Burns said that the important point in Mr. Gorrie’s 
note was that in soil surveys the various factors which cause 
erosion should also be taken into account. He referred to the 
work done at various Dry Farming Research Stations specially 
at Sholapur where records of the soil washed away by the 
monsoon and other factors causing erosion were being studied 
and maintained. 

The Chairman invited Rao Bahadur Viswanath to explain 
the work that he had started to follow up the recommenda- 
tions of the last Board of Agriculture. 

. Rao Bahadur Viswanath said that as a result of the discus- 
sion at the last Board meeting two conclusions w^ere arrived 
at — (1) a soil survey of some sort was necessary and (2) we 
should not spend money and do it. In the meantime there has 
been a certain amount of discussion among soil chemists on the 
exact methods to be followed. The time had arrived when 
something specific should be done as there was need for infor- 
mation in regard ,to the general make-up of soils in this 
country. It was necessary in the first instance to concen- 
trate attention on a general soil survey of the country and 
■ then devote attention to more local and specific problems. He 
had been looking to publish data of soil surveys of various 
Agricultur.al departments and by means of the data collected 





therefrom he lind prepared a small skeleton map of the im-* 
portant typical soils of the country Copies of this map 
>vould he forwarded to all soil workers for corrections, addi- 
tions and nltcrntions v;i!h respect to their definite localities. 
In the course of soil ma]>pin‘; it has Iieen found that a ^rent 
majority of the plains area is constituted of alluvial soils or 
transported soils. The collection of infcrination would throw 
more lijrht on the specific processes that had l>ccn responsible 
for the formation of the soils Samples of coils from cultivated 
and uncultivated areas to the depth of 5' to G' had also heer. 
collected from typical experimental stations in India, the idea 
being to examine all the collected profiles by a set of chemists 
experienced in analytical work and by a set of methods selected 
however arbitrary they might be .When the data are 
collated and mapped and considered along witli the data 
already available in the provinces it might be possible to 
proceed a step further and then concentrate attention on 
localised areas. It might be possible in this way to build up 
a fairly reliable soil map of the country. In the course of 
the study of some of these profiles interesting information had 
already been obtained. In Indo-Gangctic plain where rain- 
fall is low, lower strata are characterised by concretions of 
calcium sulphate. On the other hand, in fairly moist areas 
lime concretions are found. In the south in black cotton soils 
gNTsum is found wherever rainfall is less. Continuing Tlao 
Bahadur Viswanath said that he wa*? associated with the 
surveys of alkaline soils of the Tungabhadra Survey Project 
One of the conditions then laid down was that in even’ soil 
survey started, an Engineer was to look after the irrigation 
side of the soils. He was of opinion that a scientific stafi 
should also be maintained to watch how the soils behaved 
under continued irrigation. Before he left Madras, the 
Madras Government had accepted the proposal and appointed 
a small staff. He did not know what the conditions w'ere now. 

Dr. Ramdnfi pointed out that in Dr Basil’s note (Appendix 
IV, on page 229) reference was made to Lang’s “rain factor”, 
namely the mean annual rainfall divided by the mean annual 
temperature in degrees centigrade. It was mentioned that 
stations having a similar Lang’s factor often differed widely 
in their soils and that the ram factor might not provide a 
useful basis for soil-classification. He was of opinion that 
in considering the climatic basis due regard should be paid 
also to the influence of wind and the saturation-deficit of the 
atmospheie. Evaporation divided by rainfall or evaporation 





■ iiiimib rmiifal) was a more promising factor and wotdd not 
lead to large discrepancies like those found while usin<r the 
Langs factor. Considering evaporation niiiuis l■ainfa^! it 
was foimd that the Boiiibay-Deccan. the We.stcrn portions of 
n. Ji. U. the Nizam’s Dominions, Eajputana and Sind were 
areas where evaporation was much in e.vcess of rainfall 
whereas the west coast of Jndia and of Burma were areas 
where rainfall was veiy much in excess of evaporation. Other 
areas had intermediate values. 


2. If one travelled from Poona to Bangalore one came 
across undulating and uneven country. Wherever there was 
slope there was reddish colour. At the bottom of the valley 
the soil transported from the hill-sides by rain water and 
mixed with vegetative matter w’as black. The depth of the 
red colour was almost in proportion to the slope of the locality. 
Slope wa.s an important thing to be taken into consideration 
while making a soil survey 


3. When one came to the method.s available for .snalvsing 
the soil, mention might be made of a new method recently 
discovered in Sir C. V. Eaman’s laboratory. Tins was an 
optical method of determining the sire and shape of soil 
particles. One had simply to prep,are the medium and send 
a beam of polarised light through it and tnhc certain ohservn- 
tions on the polarisation of the light .scattered by the particles. 
■The observations did not take much time and the method should 
prove useful in soil work. 

Dr. Dasu in reply to Dr. Ramdas' objection said that the 
Lang’s factor was selected for characterising soil climate only 
as an approximation. Meyer’s saturation deficit emintioii 
equally shows the same anomaly that under similar climatic 
conditions dissimilar soil types were found to occur. None 
of the factors wa.s, however, very accurate according to 
Robinson for measuring the extent' of .soil leaching. Both 
factors were more or le.ss approximations only As regards 
(ho second point that red soils were found on ridges and black 
soils in the vallcvs of Deccan tlie c.xplanation was to lie found 
on the water relationships in soils. Due to topographic 
situations the soils on the (op remained inoi.st for a very mueli 
shorter time than the soils in (he low lying areas as altered 


bv topography. 

■ /too Dahadiir Vhmmxith said that Meyer .s fartor had 
proved a.imirat.le for demarcating dry. wet and wetter divi- 
sions It .Mve comsiderafile iiiforimition in interpioting .-ml 
■proecssc.s wTieii the whole eoniilry is votisidercd a-- one hlwk. 



Dr, Puri 8aid ihnl the whole of the Piinjah wnfl n vast tract 
of nllnvinl poil. Hr could find no distinct horizon*; in the 
'nunirrini'* soil pmrilc*^ oh«rnrtl hy him. It was therefore not 
possildr In classify tlie sniU on any other basis hut tlic physico- 
chemical aiialysi's of tiie h»i! profiles. The structural charac- 
loristics deM'n1>e<l h\ other workers were rarely present. 
Since the 'oils were iransporled ^toolop)' did not help nor the 
cliniale which was not j»reatly dilTerent in the various parts. 
Tlic soil claKsificatmn which he advocated was that based on the 
single-value soil pmperlics. the practical importance of which 
was disccnnhle with eye The most important work in this 
connection was the standarisalion of methods of soil analysis: 
unless that was done no ]irogress could l)e made. 

Thr rhnirmni} invited Mr Jenkins to move his resolution, 
•l/r Jrnhin^ drew the attention of the Board to the practi- 
cal importance of the methods adopted for soil classification 
in oil surveys es|>ccially in view of the fact that. no\v-n-da)'S, 
many recommendations with regard to irrigation practice and 
to agricultural lochnique, e a , manuring were lieing based on 
the rtsnlts of soil surveys, deferring to tlic first paragraph 
of Hr. Basil’s note, lie said that in mnnv parts of India soil 
classification was licing carried on hy methods which were now 
rcaliml to Ik? out-of-date and he contended that this, in the 
long run, was Imund to lead to confusion For instance, in 
the Bomhay-Dcccan soil classification had I'ccn carried on for 
many years hy tlic Irrigation Research Division which was 
based largely on tlie depth of the soil, on its colour and on 
its consistency, no account being taken at all of the soil profiles 
or of the different horizons witliin the soil profile. Since the 
ccnctic system of soil classification had been applied at 
Padegaon soils in tlie same irricalion class have shown differ- 
ent reactions to irrigation. Then? were soils in the same 
group of the Irrigation Deparlnienl’s classification which on 
application of irrigation water became alkaline and others 
w’hich became acidic. This showed the unsatisfactory nature 
of the older classification. Finally ho moved tlic following 
resolution for the consideration of the Board : — 

“The Board recommends that in all future schemes of 
agricultural or irrigational development involv- 
ing soil surveys, the genetic system of soil classi- 
fication should be adopted in order that recom- 
mendations regarding irrigation *and agricultural 
technique which may be based upon the results 
of such surveys, will be founded upon the most 
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no alkali problem. The trouble was to get -water into the 
land and not to get water out of the land, -which was generally 
speaking, the case in the Punjab After explaining the soil 
condition in ^fndras he stressed the importance of carrying on 
a soil survey which could be immediately useful to the agri- 
cultural officers. 

The Board adjourned at 1-00 p m to meet at 2-30 p. m. 
in the afternoon 


The resolution moved by Mr Jenkins was placed before 
members for discussion and approval 

Sardnr Ujjnl asked the meaning of the ‘genetic 

system of soil classification’. The Chairman said that this was 
explained in Dr. Basil’s note fAppendiv TV. page 226) 

Dr. Muhhrrjre. speaking on the resolution, said that the 
resolution as it stood was a verv* sound one and it ensured uni- 
formity among different soil -workers in India. He, however, 
suggested that for the words ‘the genetic system of soil classi- 
fication should be adopted’, the following words should be sub- 
stituted, viz . ‘steps should be taken to adopt the genetic system 
of soil classification’ In making this suggestion Dr. 
Mukheriee said that in dealing with the soil classification, 
taking India as a whole, a lot of latitude should be allowed in 
following anv svstem of soil classification The genetic svstem, 
as it was strictlv followed in Europe and America, could be 
very well adopted in some parts of India for soils developed 
from definite geologic, ally knoavn rocks The soil conditions 
in the north of India were rather different from those in the 
South. The depth of the soil also varied greatly. It was 
also laiown that soil profiles in the north did not show any 
distinct horizon. The workers might be allowed to use the 
genetic svstem of soil classification, but the individual soil 
workers should be left to their own resources and should be 
left free to alter the methods wherever it became necessary in 
view of the peculiar soil conditions Dr. Mukherjee was 
entirely in favour of the svstem of examination by profiles, 
taking that to be a unit of study. In addition to the various 
characters already studied, the dynamic character of the soil 
should also be studied. ’ 

Bao Bahadur Vif^wanath approved of Mr. Jenkins’ reso- 
lution as amended It -was necessaryUhat instead of the w’ords 
‘should be adopted’ in the resolution, the words ‘steps should 
be taken to adopt’ should be substituted because .there would 
lie considerable difficulties in adopting for the great majority 
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of the soils of this country any system of genetic classification 
straight away, first of all, when all the existing data had 
been collected, the soil workers must agree on a system of uni-' 
form nomenclature, which might fit in with that obtaining in 
international circles. 


Dr. Puri suggested instead of the words mentioned above, 
the words “steps should be taken to find out if the genetic 
system of classification was applicable to Indian soils”. The 
Chairman said that the words ‘steps should be taken to adopt’ 
covered any preliminary enquiries necessary. Dr. Puri’s 
amendment would negative the purpose underlying in the reso- 
lution. 


Mr: Gosta Bekari Pal (Agricultural Chemist, Bengal) was 
also in agreement with the amended resolution but pointed out 
that it might not be possible for some of the Local Governments 
to follow the resolution as it had been passed. Necessity had 
been felt in Bengal for soil surveys of a restricted nature in 
connection with the new irrigation projects that were going 
to materialise. In that connection tnev wanted to know what 
amount of water was required to saturate the soil and what 
was the loss due to drainage or to evaporation Thev also 
wanted to know the water requirements of crops so that suffi- 
cient water might be available for the crops that were to be 
grown in the new area that was going to be covered by the 
Irrigation project. At present rice was the only crop grown 
in the province. In view of the already heavy programme of 
work in connection with irrigation project, the Bengal Depart- 
ment of Agriculture might not be able to do the right sort of 
„,„.ev of the soil although they might be atile to spare money 
cLuuh to take up such restricted .soil surveys He therefore 
^oested that latitude might be given to the provincial de- 
partments to undertake such restricted work on the proposed 

Chairman made it clear that the intention was tliat 
when local soil surveys were made up, profiles should he pro- 
imrly examined .so that material for a genetic survey would 
Lidiially be built up. ■ 

'’■ After a further discimsion of verbal amendments. Dr. 
Burns proposed that the refoltition should be amended to read 


as follows 

‘■The Board, while recognizing the need for soil surveys 
, nature for special purposes and to suit local con- 

recommends that, in addition, in all future schemes 
“J“^gj.’igultural or Irrigafional Development involving soli 
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surveys, steps should bo taken to adopt the genetic system of 
soil classification, In order that recommendations regarding 
Irrigation and Agricultural Technique, which may be based 
upon the results of such Surveys may be founded upon the 
most modem and fundamental conceptions of soil science and 
that the results of such work in different parts of India may 
be more strictly comparable**. 

The Itc<olnlion a*? amended was enrrird unanimously. 

Subject IV. — A review of the plant breeding In India with 
suggestions for the future. 

Pr. Pal. in introducing liis paper (Appendix V) said that 
with regard to the past liistorv of plant-lireeding so much work 
had l>ccn done during the pa*;! three decades that it was quite 
impo^sihlc in tlio ‘^pace of a few pages to give an adequate 
account of that work TTc. therefore, attempted in his note 
to describe some of tiie outstanding achievements in the case of 
six iin|x)rtant crops, namely, wheat, rice, cotton, sugarcane, 
linseed and tobacco and also to indicate briefly the methods by 
which these results had liccn achieved. The summaries were 
by no means exhaustive and were prepared merely to give an 
ielea of tlic sort of work that had been done so as to form a 
basis for discussion. 

The work of the Indian wheat -breeders was intcrnationallv 
known and a brief account of that work was given in the note’. 
The seric.s of wheats produced at the Imperial Agricultural 
Research Institute was interc-sting in that it illustrated the 
difTcrent methods tliat had been used in wheat-breeding. The 
earliest Pusa wheats were produced by making selections from 
the mixed country crops. T^ator wheats, like Pusa 52, Pusa 
€0-5 and Pusa 165. had been produced bv hybridization either 
between indigenous varieties or between an indigenous variety 
and an imported variety Then again varieties like Pusa 11*1 
and Pusa 114 had been introduced bv taking advantage of 
naturally occurring mutations and natural crosses. The work 
on wheat in the provinces had been equally successful. The 
improved variety produced by the Punjab Government — Punjab 
8A was reported to be now covering an area of 2A million acres. 
There were also other excellent varieties produced in the 
Punjab, United Provinces, Central Provinces, Bombay, Sind 
and elsewhere. 

Rice was, from the point of view of acreage, perhaps the 
most important crop of India and its importance had been 
reflected in the amount of work that had been done. He pointed 
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out that according to one authoritv there were at least 7,000 
Tarieties of rice in tlie world of whicli India possessed about 
3000. The list of improved varieties now available was ex- 
tremelv large. Owing to the vast amount of material available 
natura'llv. ordinary selection had been the main method 
by which improvement had been clicctcd and it had given very 
"'cod results. Recently hybridization had been utilized more 
and more. In Burma' and Bengal and also elsewhere the best 
American varieties such as Blue Ro.se had been crossed with 
the indinenous varieties with the object of improving the 
nualitv This was spociallv important from the point of view 
of.'countries like Burma which had a large export trade. 


Cotton was another important crop and its importance had 
been recognized by the formation of the Indian Central Cotton 
Committee and the work of cotton improvement had been 
greatly facilitated by the establishment of the Institute of 
Plant' Industry at Indore and also by the establishment of the 
Technological Baboratotr at Matiinga the work of which was 
well known to this Board. One special problem in cotton pro- 
duction had been due to the practice of adulteration, the 
practice of importing inferior cotton into areas which were 
well k-nown for iiroducing high quality cotton. One method 
bv which this was licing combated was by creating special 
where superior varieties known to be suitable for those 
;S^ i«re hcing^ultivatcd The question of breeding varieb 
• fL such islands was therefore very imiiortant. A brjcf 
“Lunl JcilSoii work was given on page 241 . rsefiil varieties 
account (be Asi.atic cottons and the acclimat- 

were now 

ized Aincrican cottons. 

The work on sugarcane was very iiiii.ortant and had 
..-tnicd attention oiit.sidc Indm. The sugarcane area in 
attraciii divided into two mam tracts— the trojiical tract 

India mi„ J. , ,1,^ <;„lvtropiral tract which covered 

(Peninsiilnr . .jvn.^ suitable for growing 

the Inoo-U' b „(,rthern area, which was much more im- 
thick ^'•■'ncs a ^|diablc for thick canes, and only thin, hardy, 
portantwasn • ^ varieties, generally not suitable for sug.ar 
fibrous. .'"‘‘‘Sy „ originally grown. What was rcipiired was 
nroilitction. we "j to 'the short season of the sugar tract, 

a t\pe of ' vonteiit and aileqnate l ield The sugarcane 

with high a V lerv freelv under loiidilioie in Northern 

plant did not (joimb.itorc ton'i-ted in the Lollcunai and 

India. "'.'"■‘‘f' as many spc-ies and larieties as possible 

.oeliniati/'’'""’' , ,|,eir flowering habits u,i|, ,i.e „|,|eei oi 

and the study as p.e-ilde to llower. etc One of 
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llie earliest erodes which was attempted was between the best 
arailahle stigareane and the wild sugarcane and from those 
crosses a jinmlwr of very sticeessful varieties liave been pro- 
duced. I'lirtlicr orosscs have been made witli sorghum and 
hamltoo. i 


M'ith rcjjard to oilseeds. Dr Pal said that after the Ottawa 
agreement linseed had risen in importance. \Phat was required 
was a high yielding linseed with white or yellow seeds. Rust- 
resistant varieties had been protliiced in the United Provinces 
and Bihar. 


In the caw of tobacco what was now wanted was a leaf 
suitable for ci.garettes Two imported kinds of tobacco (Harri- 
son’s special and .Adcock) had been tried e.vtensively in India. 

He then referred to the work that was being done by new 
methods, e.p., using X-r.ays to produce mutations. In Russia 
they have made a cross between wheat and a perennial grass 
{Apropyron) which was c-xpected to give great results. The 
process of vernaliration has been appiief to Indian crops at 
Pusa and elsewhere but the results obtained so far had been 
rather disa])pointing Breeding for disease resistance now 
recognised to be one of the most fruitful lines of research was 
increasingly appearing in the programme of Indian plant- 
breeders. A few suggestions regarding future policy of work 
avere also made. These were — 


(1) To avoid undcsinable over-Iapping and duplication 

of work crops may he divided into 2 groups, i.e., 
(a) those with very limited adaptability, e.y., rice 
and (ft) those with very considerable adaptability, 
e.ff., wheat and to restrict the breeding work of 
crops like wheat to two. or three main stations. 
Such restriction of breeding stations would not 
only result in greater economy but would ensure 
the greater uniformity of product which is so 
important from the marketing point of view. 

(2) Problems like vernalization, X-ray treatment, 

' cvtolo<w and improvement of techniqiie and 

slandai-dization of methods should be handled at 
one or two central research stations where exten- 
sive collections of crops can be maintained and 
where necessary library and laboratory facilities 

exist. , 

research. 



66 


and safflower. In regard to linseed, besides hybrid 1150 
there were a number of other strains which were found 
quite satisfactory and suitable to the conditions of the different 
tracts in the provinces. Their main problem with reference 
to hnseed was rust and that had been solved by evolving 
1150, 1193 and 1206 which were satisfactory 
point of rust-resistance. As regards groundnuts, as far as 
the requirements of the province were concerned thev recnm 
mended an early tjTB which could be harvested he Le i^f 
sowings. They had also been able to get three types which 
if sown by the middle of June could be harvested by the end 
of September and then they got full one month for the pre 
paration of field for rabi sowings. The type Nos. 2523 2518 
which had been evolved, could be satisfactorily taken up bv 
the cultivators without sacrificing their rabi crop. Ret’ardin" 
mustard, the principal problem was the attack of Aphis” They 
grew three species, viz. Brassica camvesfris, Brassica navus 
and Brassica juncea. The attack of aphis considerably varied 
in these three species, i.e., most in napus and least in junccns 
They had evolve a tj-pe from Brassica juncra which was hardy 
and the attack of aphis on it was practically negligible. They 
had now got resistant types of Brassica juncea 2, 3, 9 and 11 
for distribution. Another important point in the selection of 
mustard types, was the iodine value. The trade has laid 
down certain specifications reg.arding this v.alue. Taking that 
factor also into consideration they had evolved these types 
which were found to he quite satisfactory. Considerable 
™!mber of tv-pos of til had also been distributed. Millets 
.^another important crop of the province and thev had evolved 
. RA. and SB which are in the process of di.stribution. 

H • • and smaller millets which formed suitable food crops of 
T'^ r-,‘,maiin hills had also been token up Amongst pulses, 
the Ntoa-* , principal crop and the chief problem associated 
arter WM and wilt. They had evolved types which 

with It Y J which could be harvested before the onset of 
were early a xhadani that there should be no 

frost, .“f. bf breeding work. It should, on the other h.and, 
centralisation ^nt centres to enable workers to evolve 
be ratended^to^au^ conditions. 

varieties to s ^ different provinces were not found 

The tyP^lI^iTnited Provinces. As a matter of fact the iwIT 
snitabb;'’^ ‘^"united pro^necs itself did not suit the\se4r.a" 
evolved ‘^VXiacc. Ha stressed on the point that there 
^orc ' '"""''fa'? of dnplica fon 

should be more « g„ggestcd the appointment of smaU 
and ovcrlapP'Oe- 
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committees which could look after groups, of crops like oil- 
seeds, millets and pulses. 

Mr. Jenkins referred to the following portion in Mr. 
Charley’s note : — 

“Simple reaping or heading machines for jowar and 
' wheat, a cotton planter which will deal success- 

fully with the untreated fuzzy seed, a paddy 
transplanter, a stone-gathering rake for the clear- 
ing of stony fields and a light reversible disc 
plough are other problems that might well repay 
much study and experiment.” 

and said that besides evolving varieties with naked seed in- 
stances could be multiplied by which a plant breeder could 
greatly help other allied sciences. There is a need of a cotton 
plant bolls which would open out readily and of a wheat which 
would not shed readily after ripening. Protection of plants 
against insect attack was also an important aspect of breeding 
and production of resistant types in sugarcane and other crops 
was being found very helpful. 

Mr. Sawhney said that Dr. Pal had recommended that 
wheat breeding work should be centralised in two or three main 
stations. With cotton it has been observed that not only the 
varieties imported from neighbouring provinces have done 
badly in Hyderabad but even improved strains produced at the 
Research Station have sometimes failed to give equally good 
results when grown 50 to 60 miles away from it. hlr. Ramiah’ 
also points out in his paper that “the great range of agricul- 
tural and climatic conditions under which a particular crop is 
grown in different parts of the country has resulted in special 
local adaptations and it is more an exception than a rule that 
a variety doing well in one tract gives a satisfactory crop in 
a different tract”. The establishment of additional plant 
breeding stations and not the centralisation of breeding work 
seems necessary. 

As regards the survey of breeding material and botanical 
crop composition it may be mentioned that a comprehensive 
survev of the cotton crop of Hyderabad State has been com- 
pleted recently. It has been obsen'cd that whereas in the 
northern districts rosea type forms the bulk of the crop, in the 
southern districts of Raichur and Gulbarga. Cutehxca 
(with white flowers and broad lobed leaves) is the dominant 
component. The seed in both instances emanated originally 
from a common source, but during the course of cultivation 

J! 2 
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TOSCO hns become dominnnt in the nortli and CntoMca has sur- 
vived in greater numbers in the soiitli. 

_ Dr. Burns, in presenting Mr. Ramiah’s paper, drew atten- 
tion to tlie method of letting natural selection play its part in 
the F2 and F3 generations of crosses. In a cotton cross made 
four years ago in Hyderabad, the first three generations have 
been grown without making selections in the orthodox way. 
As a result, the fourth generation now contains a largo number 
of higher valuable types which might possihlv have been dis- 
carded if the orthodox method of study had been followed. It 
also appears that this method i.s capable of giving desired 
results much quicker than the usual metbed in use so far. 


ilfr Btewort, ,n speaking of the rapid multiplication of the 
seed of improved strains of wheat, mentioned the device 
taking two crops of an improved type in one year, by growing 
first in the lulls and then later in the season in the nlains^ 
In ITvderabai it was found last year that an improved strain 
of A/mn/ cotton could also bo grown on irrigation in the rohi 
season. Use will bo made of this fact in the quick multipli- 
cation of the pure seed of this .strain. ‘ 


Mr. Jenkins had drawn attention to the point raised by Mr. 
Charley that "plant breeders, in the development of new" 
varieties might bear in mind the problems that they might bo 
brewing for the Agricultural Knginecr’’. It seems that it is 
not enough for the ]ilnnt-breeder to produce a high yielding 
typo. lie should have a good knowledge of the agricultural 
and coimnercial conditions which will apply to his new strains. 
The response of new types to insect pests and diseases also ha.s 
to bo borne in mind. 


Finally Bni Snhih .SnirAney said be would mention the 
niiestion of improving a pure line strain by furtlicr selection. 
As nointeil out by Rr. Iluriis. it appears unlikely that rontinueil 
■^ii„ inn ill a straiii fixed for a given charaetcr will produce 
,1 In i 1 nrowileiil in that paHieiilar character. hirllier 
Xiion. ill such strains should aim at the improvement of 
clmraclcrs which are tml firr'l- 

Tit '/) 7^ Sethi paid d would ho dimcull from the 
M iioint of view to Imvo ninny hreodinj? stations 

in a'provinei', ilut what was wanted was several testing 

Btations. ,,,,,,„„,led that two prartiial imints 'deserved 

tho^aneidiml of the I'l"'" 
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in Sind should bold its and not allow it to drop. It was 
difiicnlt to pick it up from the ground for want of labour and 
it also contained leaf impurities and the second thing was to 
produce a variety of cotton which contained a higher per- 
centage of lint to feed in the kajtas. This would ensure the 
co-operation of factory owners wlio had much influence on the 
seed sown by ramindars. 


TAe CAoirrj^n said that in the earlier part of discussion 
some mention was made of cytology and the application of 
genetical theory to plant-breeding. In that connection he 
drew the attention of the Board to Sir John Riisseirs report 
where emphasis was laid on the distinction between plant- 
■breeding and plant-genetics and the necessity emphasised of 
every plant breeder having a sound knowledge of cvtolog\' and 
genetics as one of his qualifications. That did not mean that 
cverv’ plnnl-hreedcr need undertake experimental work in 
cither cytolog^• or genetics He suggested that plant-breeders 
should cultivate acquaintance of the Indian universities to 
seek their assistance if there was point in cvtolcgy to be cleared 
•nn. In regard to advances in genetical theory whilst it was 
clear tliat there must be a multiplication of plant-breeding 
tentre. in India, it was very doubtf.d v,-hether they need have 
more tlian one or two centres for work on fiindninental pbnt 
Rcnclics and lie tliouRlit that part of the work could he cen- 
tralized. 

Dr Burn^ observed that the debate clearly showed that 
plant-brccdinp was still an art and not .a scienre He moved 
the following resolution for the consideration of the Board 

The Board recommends that plant-breeders should in the 
course 01 their work attempt a study of genetical vanability 
with the obiects of (1) cataloguing the characters available 
for use in planning new crop types; (2) budding up a picture 
ol the genetical composition ol the species. 

Proceeding, he said that more attention should be given to the 
study of genetic variability and that the resolution did not 
run counter to what had alre.ady been said on the necessity of 
centralizing genetical research in one or two places because the 
raw mafcnal for that research must come from the day to day 
woTk of the plant-breeder in the field Two committees were 
recently set up by the Imperial Council of Agricultural 
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conventional figure 

per head. “aaequate and actually the figure was 3 lbs. 

Mr.lp 

^!T}° get this publication prodLef on™ ® ‘““k ten 

‘Yf'" published but there was -f 
of valuable information which could never be filL 
As regards random selection fnn 
^ uware of the system prevSnTn '“fi, '''^^‘’"“ents, 

but in ithe Punjab they were stiH o«fi^ other provinces 
average field in an average v^fiagm To find an 

In regard to present day publications n 
were two main and important alUnd? „n there 

of Agrienltural statistics : one was cXd 
ttes of Indta. It was a collection of annunlZf ^ 
contain forecasts or other matters of that n 1 tlid not 

criticism regarding this publication was it" “?!' "ain 
The latest edition dealing with figures for aa Ptoduction. 
only in March 1936, i.e., 2i yeare after him 

the report. This publication contained a 
valuable information which one was constanill i ! t'®ty 
and he felt very strongly that some effect shonia lor 

hasten the publication. As to the matter which wasZ^?^® 
in the report, it was only when one had leisure tiZ 
that one could find out its merits and its defects On" 
came to his notice very recently when he was dealin “with" 
harvest prices m the Punjab. It was in connection wUi, .n 
table in the publication giving figures for the proWncM 
harvest prices of the principal crops. In checking m th 
Punjab figures he found that the provincial figure was made 
up simplv bv an arithmetic.;il average of all the district fi<n,rcs 
Now there were raanv districts in the province in which certain 
of the crops were of verj' httie importance and he felt when 
dealing with this matter that instead of an arithmetical 
average it would be much better to give a weighted average 
It would give a much truer picture of actual conditions. That 
and other matters like it, however, were points which one 
could onlv detect and on which ene could only make suggestions 
if one ha’d leisure or extra staff to do it. Directors of Agri- 
culture had not much time to devote to such work unless tliev 
were investigating some p.yticnlar problem, and he, therefore', 
rmphLised the necessity for providing some special .staff for 
helpin' to deal with the collection and checking of statistics. 
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The other important annual publication was Estimates of 
Area and Yield of Principal Crops in India. As its name 
implied, it was purely made up of estimates. The yield figures 
were made up by multiplying the estimated area of a crop bv 
the normal or standard yield for that crop in the province 
concerned and he added that he had very little faith in the 
fi^ircs for normal or standards yields. Referring to Mr. 
Livingstone’s note in which he had made certain suggestions 
as to the alterations that might be made in the publication, 
he said that in addition to the estimates for the latest year 
the estimates for the previous nine years were also included, 
^fr. Livingstone had suggested that instead of estimates, the 
actuals might be put in as actuals might be available by then. 
He personally saw no objection to this, except that the title 
of the publication would no longer be quite correct. Further 
referring to I^Ir. Livingstone’s suggestion that fuller figures 
should be included for rice, he said that the Punjab figures 
and those for certain states m Madras were not included at the 
present time and in each of these places rice covered an area 
of somewhere round one million acres The area was, there- 
fore, surely adequate for inclusion. He would strongly 
support this suggestion and requested the Board to rccoi^end 
that estimates regarding rice in the Punjab and in the States 
concerned in Madras should be included in future. 

Regarding the monthly publications, the principal ones 
were two in number: — (1) The Sea-borne Trade and Eaviga^ 
tion of British India, on which he had no comments to make; 
and (2) The Rail and River-home Trade of India. The par- 
ticular point he wished to make in connection with the statis- 
tics for the rail and river-borne trade of India was that it 
was not comprehensive enoiigli at the present time. In 1924 
one of the recommendations of the Board, or a reference to 
that effect, was that road transport was becoming important, 
but nothing, had so far been done m that connection. In the 
meantime the whole position regarding road-transport had 
changed and in the Punjab, at any rate, road-transport of 
agricultural commodities was a verj’ important matter, parti- 
cularly in regard to transport of vegetables and fruit. He 
Quoted one instance where cottons wa-s being transported from 
Okara — a place some eighty miles from Laliore-^to as far away 
as Gwalior, by road, and there might be other instances which 
had not yet come to his notice. He said that his marketing 
section recently came to the conclusion that of the inter-provin- 
cial traffic in agricultural commodities between the Punjab and 


> 


76 


outside provinces and States, thirty per cent., of the total 
imports and exports were by road. The actual provincial 
figures obtained for certain commodities disclosed that of the 
total imports and exports of hides and skins 20 per cent, were 
were by road ; of linseed, groundnuts and ground-nut oil 
forty per cent., of fruit thirty-one per cent, and of 
cattle ninety-one per cent. There was a very heavj' 
export of cattle northwards, in particular towards the 
Troutier. The movements of cattle bv rail had been recorded 
in this publication since April last, but according to the 
Punjab figures the traffic in cattle by rail was only nine per 
cent, of the tot.al export or import of cattle between the Puniab 
and outside, while ninety-one per cent, was bv road In view 
of these facts and figures, they, in the Puniab. felt that a 
strong effort should he made to secure the collection of data 
for road-home trade and its inclusion in this publication. 


Then there were two quinqtiennM nublications to which he 
wished to make a reference. The first was the TAre-stoch 
Statistics. In that connection he pointed out the danger of 
nublishing what to his mind were rindigcstcd data, and referred 
to a table in the end of the publication which dealt with agri- 
cultural stock other than live-stock and included such things 
as ploughs, carts, boats, sugar-cane rrusfiers, tractors, oil- 
engines for tul>e-wclls and so on. Now under the head 
•tractor.s’ it would be found that in the Puniab. in 19.1.'), when 
the publication was last issued, there were supposed to be 2,133, 
Vi.Tt those who were familiar with present day conditions in the 
Puniab knew that if there were 2.133 tractors in 193.0. most 
of them were not used for agrictillural )mrposes. Thev might 
uL.n lieen used for levelling roads or driving stationary 
\ cerUin OfTircr, net lonf» n^o, wliilc 

machinci). - . the number of hullocks 

trying to in the Puniab turned up thcR- 

and the ‘here were 2,133 tractors, these were 

figures and sai bullocks which must be taken 

equivalent to so " 5, ,bc ratio of Imliccks to cultivated 

into account in ca tractors which existed then were not 

land. But in ,, ,„i imrposcs and it was, therefore, 

being used for " 0 ''^, ^iniplv a statement that there were so 
very unsafe to I!"!’'',, impression possihlv to those who did 
many s that Ihcv were used for agricultural 

not know local dcsiraCle, if such inforiimtioii was 

purpo'^cs. Tt would seem ^ n word ns to tho 

giv~" ’■ 


ven to iuclude in 


pvirpose for which 


'fheliarJativc somewhere a word as to the 

"those tractors were ti-scd. 
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^ He then referred to the Quinquennial Report oj the A teruiie 
Yield per acre of the Principal Crops in India, -whidi ho 
believed, was compiled from the statements and data for’thc 
normal j ields of the principal crons in the various provinces 
He doubted very much whether the information was of aiiv 
real value. He said that in his remarks he was referring con- 
stantly to the Punjab and Punjab figures. By that he did not 
wish to point out specially the merits or defects of the Punjab. 
But it happened to be the province about which he had most 
detailed information, and be believed that it was fairly re- 
presentative of the conditions in ether provinces. 


As reasons for his statement that he put verv i 

in these publications, he gave the following two iLtances™ rr 
one looks at the figures, he will find that the Punjab province 
average outturn of cetton for the last quinquennium for wlii'ell 
figures were published, was 4.03 maunds of kapas per acre 
Eecently he had analysed the position very carefully in con 
ncction with the cotton crop It was the one crop where actual 
figures were provided in the ginning and pressing returns 
which acted as a check on the provincial forccn.sts. He liad 
referred in some detail to the results be bad found in the note 
pinged by him before the Board. He did not want to repeat 
what was already stated in the note, but would content himself 
by B.aying that instead of an average outturn of knpas of 4 03 
niattnds per acre they found that during the quinquennium 
which had jitst been completed the average outturn which 
actually passed through the ginning and the pre«stng factories 
was 0-40 maunds of Knpas ]ier acre for the province ns a whole 
whether the cotton was irrigated or un-irrigated. or of drsj or 
American variety. If to that figure was added what was 
found to represent the village coiisumptioii of cotton a final 
outturn of 7-0 maunds of Knpas jkt ncrc was get against 4.03 
which this jiiiblication gave. Mr Ptewart liclicicd that the 
figures for other provinces were not likely to lie any nearer the 
mark than in the Puniab. 
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Tvas found that for irrigated wheat in the Pimjab — ^he dealt 
with irrigated figures only because they were less liable to 
fluctuations from climate and season than im-irrigated — in the 
quinquennium ending 1921-22, the yield was 1020 lbs. per acre. 
In the ne.v:t quinquennium which ended 1926-27 the figure had 
fallen to 997 lbs. and in the most recent quinquennium which 
had been published in 1931-32 the yield stood at only 967 lbs. 
Hence although they were satisfied that the improved 
seed gave better outturns than the indigenous, over the period 
of nearly twenty-five years during which they had been distri- 
buting improved wheat the result appeared to be that the 
average outturn of wheat in the province had actually fallen 
from 1,020 lbs. to 967 lbs. 


A"ain, taking sugarcane, the Department had been doing 
a "ood deal in the introduction of improved Coimbatore 
varieties and were quite satisfied from their o^vn e.'cperiments 
and from results on reliable large cultivators’ holdings, that 
■ the outturns got were verj' considerably in excess of those got 
from the old indigenous Katha varieties grown in this pro- 
vince Now if statistics were consulted for the quinquen- 
nium’ 1921-22 the normal yield of (jur in the Punjab would be 
fOTud to be 2,344 lbs. per acre Today it was 2,046 lbs. so 
that in spite of the fact that they had a very large area under 
improved’^ suo-arcane. their yield, according to these fipres, 
S bv about 300 lbs. of uur per arce._ These figures 

^ .loin Iv did not represent actual facts and it was for this 
certainlj d nor^ reliance, at any rate so far 

reason that concerned, could be placed on this publica- 

“ ^^"^“Uflikc To know very much whether other pro- 

IfTceshS Cd a similar state of aflairs. 

a to vemedving the defects pointed out by him. 
In regard t fimires of normal or standard yield 

Mr. Stewart saui < a^definite influence on the mind of 
which were ■ , „i,o was connected with the prepara- 

tbe subordinate o ■ stronglv doubted that if. accord- 

tion of crop forKast • commonly accepted fact, the 

ino to the poo"® fire maiinds of injms per acre, there 

average yie'd ^“r„rTting an c.stimate considerably m excess 
little hope ot go o , pjti,„,itc was .lusttfied. In 
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’th ° n-' Deputy Commissioner then passed them 
on to the Director of Agriculture or the Director of Land 

'll “grieultural side the 

prepared the figures and passed them 
Director of Agriculture who in turn 
^ibmitted them to the Deputy Director of Agriculture The 
Deputy Director of Agriculture, with any amendments he con- 
si^dered necessary, passed them on to the Director He said 
th.at the Director thus had then two sets of figures to assist 
him in framing the forecasts of each of the principal crops 
—the figures given to him by the revenue staff and those by 
his own staff. Unfortunately a very wide divergence was to 
be found between those two figures. As latelv as last nii'ht 
he was preparing his forecasts for cotton. For some districts 
he was given an .average outturn from the Revenue Depart- 
ment, of 2 1/3 maunds per acre. His own staff gave fit 
maunds per acre. Similarly the position was reversed in 
some other c.ases. Having, after including the norma! stand- 
ard yield, such a diversity of figures it was most difficult for 
the Director of Agriculture to arrive at a correct estimate of 
the crop. In the later forecasts, however, some actual figures 
are available as a guide, i.e , the ginning and pressing returns, 
the results of experiments on farms and the results of the crop- 
cutting experiments. UTiatevcr hope existed for accuracy 
in forecasts, it e.xistcd in cotton. l)ccaii«e of the existence of 
data for production as shown hy the ginning and pressing 
returns. There is no such check on other crops. One had 
only to rely on experimental results or on reliable big culti- 
vators. He found that if he had to rely entirely on the figures 
sent to him by the Revenue Stall when framing'crop-forccasts. 
his forecasts would be very wide of the mark He did not 
.iction could be taken to improve those coniiitinns 
Reirarding the cotton forecasts he had himself addressed alt 
nooniv r.ommissioners on more than one occasion On 
?nother cSion he had rvfermi the matter also to Govern- 
ment who addressed the Dc|.iitv rominiss, oners let one 
found that estimates, even if maxima vere taken, were very 
far below the actual crop. 

Referring to the standanl or normal yields and how thrr 
xvere obtain.?ble, Mr. St<-"art said that erop-a.tting experi'- 
ments were being carrieil out loth by the Rejenue and the 
a"riniltur.al department.s in the I unjab. In ipo? 
Government decided to greatly increase the numler of crop. 
cuttin.s experiments in onler to pet more reliable data if 
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, ■ Tbe Chairman said that he would like to make one or two 

nr^on^^' UovcniHicHt of India were ot 

present reorganising tlicir Statistical Department. It was 
impossible to rondense in a rcsoltilion or a seric.s of resolutions 
all the points it was desired to bring to the notico of the Hoard 
He therefore, proposed to forward n full record of the pro- 
ceedings to the Director-General of Commercial Intelligence 
and Statistics through appropriate channels. He ivoiild, 
therefore, ask nil speakers to concenirale on main points that 
were to bo brought out. Secondly, ns Mr. Stewnrl’.s conclud- 
ing remarks showed, cvcrjoiic realised that the capacity of the 
Central Statistical Deparlincnt to produce statistics' would 
depend almost entirely on the elmracicr of the statistic-s .sent 
up from the provinces and .States — both on their character 
and on their promptitude. He did not know whether the 
Dircclor-Gcncral of Commercial Inlelligenre and Stati.sHcs 
was receiving all the information the jirovinces had. It 
should lie liornc in mind that primniy stali.sties came from 
jirovinetal sources and the Dirertor-ti'enefnl of Commercial 
Intelligence and Statistics was helpless if they were imperfect 
or delayed. There were certain po.«sil>iliti’es of improving 
the Oehtral Statistical Organisation but unless the primnn- 
statistics were reliable they would not get very mncli further 
He commended the.se )ioi'nts for the consideration of the 
Hoard. 

He then invited Mr .lenkiiis to summarise his own note 
and that of -Mr. .\mbekar 

Mr. .teiiAias said that Mr .‘slewart had dealt with the sub- 
iecl .so cNhauslivelv that there was veri- little for him In .s.ay 
M’itli rcard to the question of staff with which he fini.shed his 
remarks’'he entirely agrc'd with Mr ptewnrt that some in 
crease in this direction was nev-sarv not only to improie the 
and Iiresentalion of stalislii-s hut al-o for the lerv 



lleoarding 'anna valuation' returns whhh were riss iie-l 

from iievenue on'cers in the districts, he ihoiteht Ihil the 

t'olle lors or District ^f.ioislr.ilei .lid not .wi-i.ler ih-ia sufTr 
worth their attention The Goii-rnni.nt of ll- mt.ii 
t,-!d issued orders to .oll.vtors with n view to lrni.ro, im,. the 
■aona aalnalioa of croc.' in the dislrhts sn.-.;,-!ine ll.al ihev 



should also offer their personal views when submitting figures. 
He thought efforts must be made to impress upon the District 
Magistrates of the importance of these figures. With the 
growing interest that trade and cultivators were taking in 
this question the importance of the supply of accurate statis- 
tics could not be over-emphasised. In the Dombay Presi- 
dency they were fortunate in having a scheme which was 
devoted entirely to the improvement of their cotton statistics. 
It was financed by the Indian Central Cotton Committee. It 
had not yet been completed but one could say without any 
degree of uncertainty that the information already obtained 
had been of very great value and that the Officer in charge of 
the scheme had detected many sources of error — some small, 
some c.vceedinglj* large, which without such an investigation 
would have gone undetected and thc*crrors resulting therefrom 
would have been continued. That Officer had submitted a 
note proposing an extension of such an investigation to cover 
an all-India crop improvement forecast scheme. Jfr. 
■Jenkins, continuing, said that he was not in agreement with 
all his proposals but he thought there was some scope for 
general improvement and standardisation of the methods of 
working out statistics in different provinces and a preliminary 
e.samination on an all-India basis would be a useful step and 
likely to produce good results. 

He also agreed with Mr Stewart regarding standard 
normal yield figures They were juggled with whenever 
opportunity arose Experience had sho^^•n that they were 
■often cntirclv unreliable Witli regard to the note submitted, 
it was merely a statement of work done in the Director of 
Agriculture’s office and indicated the very large amount of 
work on statistics whicli was required. With regard to crop- 
• cutting experiments, it would be interesting to hear from Prof. 
Malialnnobjs the numbers which he considered necessary for 
an area of cotton such as described by Mr Stewart. He felt 
that the results of such an enquiry would biing home once for 
all the futility of relying alone on crop-cutting experiments 
done annually on a sufficiently large scale to enable accurate 
figures of standard normal yield for all crops to be arrived 
at within reasonable cost Some other method of examination 
’ of yields obtained on Government farms and in the districts or 
other methods, as suggested by Dr. Burns, would be necessary. 
Crop-cutting experiments, to he effective as the sole means of 
determining these two factors, would require to be done on a 
much more extensive scale than the Agriculturar Department 
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on one point 

o^y. t.e. the need to forge a weapon before it was used in 

c^Snr'’^vne ■ f sound method of crop- 

cutting experiments before anything else was done He 
thought money wouid be welt spent on estaWishing staff where 
w r Tir'’^ experiments. He understood from 

Hrof. Jlahaianobrs that it was not difficult to devise an experi- 
mental scheme to see whether the number of samples taken in 
a particular manner would give results of sufficient aecuracv. 
.This was his main reason why he did not think any hard and 
fast rule should be laid down for crop-cutting experiments 
until a sound theorj' was evolved. 


• Eecommendatious made in Rao Bahadur Yaidmmthnn's 
note, ri 2 ., “cuttings can best be done by marking along a dia- 
gonal of the field as many points as the number of units 
necessary at equal pacings between point and point, and 
cutting the crop at each point an area covered by a circular 
hoop” could not be made at this stage. "Condition-factor” 
was again a nuisance and would have to be tackled separately. 
The only way to do that was through a system of weekly or 
monthly reports sent by trained observers. That again was 
a counsel of perfection "at the moment, 

Mr. Thomson (Senior Marketing Officer) said that Mr. 
Stewart had already referred to Mr. Livingstone’s note 
(Appendix VI), in 'his introductory speech and he did not 
think there was anything he could possibly add to what he 
had already said. One of the great difficulties they had en- 
countered in their marketing work was not only the defects in 
tbn nrimarv data but also defects in the presentation of what- 
Ivcr^data was available. They took a.s an e.xample the two 
nrinciuai publication.s in which crop statistics are given. r;v,. 
fl\ Es?imates of Area md Yield of Principal Crops in India 
/I ^ ^2^ ThB AgTicultur^l of Indio nnd 

fhlv had quoted ■si.': instances in ;vhicli improvement c^uld 
, * ^Thp first three referred to peneral matters and the 


As regards rice, the discrep.ancy between 


last three to rice, 

’ po.situ 

between the cOTventionaT forecast figures and the actual iigun 


In® rtual position and the conventional figure was not very 
the act . P fbe jnsLance of linseed, the difference 

larjic- ^ t 
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was twenty per cent. The yield of linseed in India was re- 
.garded by most as 400,000 tons. In fact the average crop 
had been 461,000 tons. This was not generally apparent in 
the mode of presentation of statistics at present. 

. Prof. Mahalanobis said that the comprehensive review 
given by Mr. Stewart was most useful. In April 1937 in 
Calcutta under tlie auspices of the Indian Statistical Institute 
the question of improving the olRcial statistical publications 
was taken up. The Director of Commercial Intelligence and 
, Statistics and representatives of the Bengal Chamber of Com- 
merce and other Chambers of Commerce were present. The 
Director General of Commercial Intelligence and Statistics 
•emphasised the need of accelerating the supply of provincial 
statistics He pointed out that his office was chiefly concern- 
ed with the compilation and editing of whatever material 
wah obtained from the provinces. That point had to be 
borne in mind in any future schemes. As regards normal 
yield, ho stated that he had had occasions to examine the 
actual estimates in certain districts in Bombay, Central Pro- 
vinces and a good many places in Bengal. Por each district 
they had an average in terms of the normal by so many 
“annas” which was converted into percentage for each year 
In this way they got not only one figure but quite a large 
number of figures For twenty years they had something 
of the order of 400 different estimates in terms of the normal 
yield. If the normal was anything .appraiching normal, 
one hundred was to he the actual average As a matter of 
fact they found that in anything examined the actual average 
of the estimates seldom cxccccled eighty and in manv ca^’cs 
it was sixtv. In other words, the normal was not the normal 
as. it was ordinarilv understood but something like the 
maximum crop which the cultivator was likely to get once in 
twenty or thirty years Tn other words, in estimating by the 
“anna system” the renortcr was thinking of what bv very 
good fortune the cultivator might gel once in his life time and 
on that basis put the actual estimate On the question of 
crop-cutting experiments to ^Yhich Dr Bums had d^a^vn the 
attention of the Board, he had two suggestions to make. A 
month and a half ago he had occasion to look into a United 
Provinces scheme and to dismiss what could be done in the 
way of improving the tcclmiquc of crop-cutting experiments. 
His owm view was definitely in favour of some kind of random 
selection of fields. As regards the number, he thought 500 
was quite a good number and with careful work he did not 



think why accurate figures could not be got. If the crou ' 
™ o" “ average by 100 JveVS' 

jnth 500. an accuracy of the order of five cJnt or liss c^uW 
be got for the whole of the province. It might be a good deal 
more than that. Under four different conditions, fe irri 
gated, non-migated, desi and improved types they might go- 
to between five and ten per cent. He did not think the fault 
was so much with, the numbers. It might be necessary to 
increase the number to 600 or 1,000, but 500 was quite a good' 
number. ,A method by which number of samples could be 
reduced was that of zoned random sampling. By 
this method each sub-division, district or province could be 
stratified, i.e., split up into definite zones representin<» 
particular soils, climate, etc., so that each zone could be homm 
genous for a particular set of conditions. In such uniform 
areas the nuniher of samples could be reduced as there wa.s 
no necessity of taking a large number of samples in homo- 
geneous areas, but it required a certain amount of e.vperi- 
mentation. Prof. Mahalanobis further explained that he' 
would be quite content as a statistician to accept ns a basis the 
results of an experiment where 5fl0 samples were distributed 
the selected zones in each province. In an area which 


in 

was 


the seiectea miwviuci.-. ah an area wnicn 

was fairly homogenous we should be content with relatively 
fewer samples and reserve the rest for some other sub-division 
where conditions varied a great deal. It was worth spend- 
ing some time and thought on these things. 

' Prof. Mahalanobis stressed on the necessity of honest work 
in the field. By adopting the method of leaving twenty 
samnles in two batches of ten each in the same area by two 
different sets of workers it was possible to check the accuracy 
O'" . — 1 . a„T,B If the variations between the two results 


rtf the done. lhc lwo results 

♦ the average of the two might be taken as the 

o-ron "Rii* if iV... 


^nudard for a particular area. But if the variations were 
. it should be understood that there was something wrong 
here. This type of check might be called interpene- 
trating random sampling. 

Mr Richards said that in the United Provinces the 
nrivina’l attempt to improve crop-cutting experiments adopt- 
S bv I!'-- i Vi*'''’ obtain- 

a i'n 1935-36 were sent to Rothamsted and Mr. Yates ex- 
e,] the opinion that as far as the farms were concerned 
Fhe cxperini'^n*/ were belter conducted and the results obtaiu- 
7 were satisfactory. Ramlom s.amplmg irrespective of the- 
^nllition of tbc crop was an absolute necessity. This had. 
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not been rigidly observed in the United Provinces but the 
orders regarding this ^vouhl be changed this year. Crop 
cutting, however, was not vet a sure basis for estimating 
standard yields. Pye estimation would still be needed. 
This should bo done hy experienced and reliable representa- 
tives of the departments or of the general public. The staff 
required for crop-cutting experiments on proper lines was 
enormous. He had recently submitted a proposal to the 
United Provinces Government for crop-cutting experiments 
on one crop of sugarcane at a cost of about Rs. 1-^ lakhs per 
annum. He considered that that expenditure was at present 
far beyond the capacities of the Provincial Governments to. 
accept, but it was important to convince them that such work 
was necessary. He supported the suggestion that the Board 
should impress upon the Local Governments the necessity for 
viewing the crop-cutting experiments and crop estimate proce- 
dure as much more important than most of them did at 
present. 

Prof. ilffihaIaTtobi$ said that 500 samples would be adequate 
to give fairly good results but there was need for experi- 
mental work first, and that the problem should be viewed from 
an all-India standpoint. A beginning should be made with- 
out delay and he suggested that the Directors of Agriculture 
should set apart 5 per cent of the amount spent every year 
by them for crop-cutting expenditure towards meeting* the 
expenditure on the experimental work suggested by him. 

The Chairman explained the point of view of Professor 
Mahalanobis and said that 500 samples were intended for a 
homogenous area and not for all the flilTerent tvpes of soils, 
with varying irrigation and climatic conditions.* There were 
several types of irrigations such as by the canal, tube-well, 
etc. The 500 samples Avere intended for one particular homo- 
genous area. Purther the area selected for random samples 
should he typical Prom experience of the United Provinces 
ho could say that the crops near a village were generally good 
and those on the outskirts of the village were generally poor 
and when selecting plots for crop-cutting experiments care 
should be taken to eliminate these two extremes. 

il/r. Stewart moved the following resolution which was 
seconded by Mr. Jenkins • — 

“The Crops and Soils Wing desire again to emphasise 
the importance of adequate statistics o! agricultural produc- 
tion as a basis for the work of the agricultural departments 
on the improvement of crop production. The extent to.which 



agricultural departments are responsible for such statistics 
varies in difierent provinces and states but in all cases other 
departments are closely concerned. The Board, however 
suggests for the consideration of the authorities concerned 
that agricultural departments should be placed in a position 
to make a closer study of this problem. 

The Board desires that a record of the discussion be sub- 
mitted to the Government of India, Provincial and State Gov- 
ernments and the Imperial Council of Agricultural Research 
for consideration.” 


Rao Bahadur Ramaswami Sitan agreed with the last 
portion of the resolution, namely, the need for the officers 
of the Agricultural Department coming in the preparation 
of these statistics. He suggested that the Directors of Agri- 
culture shotild, with the help of their agricultural demonstra- 
tors, find out whether certain areas termed as “culturable 
waste’ by the Tehsildars and Collectors, were really cultivable. 
He did not. however, suggest that a special staff .should be 
maintained for it. All that he wanted was that the Directors 
of Agriculture might issue an order to the Agricultural Sub- 
ordinates to collect this information when they went round the 
villages on tour. He then emphasised the importance of 
brinpng more and more of the present waste lands under 

Chairman said that the Board could not take up the 
ne^ion of the utilisation of waste lands at present. The 
If^nndinv Fodder and Grazing Committee of the Imperial 
rmincirof-Agricultur.al Research had taken up the question 
c”' HH/ation of waste lands and its improvement for grazing 
■’* •, ivis ven' likelv that the Board would have an oppor- 

fmitv to- full'discuesion of the subject. 

The resolution was put to vote and carried. 

,, rjama Reddi enquired whether it was the intention of 
. ‘'i 'a that the Directors of Agriculture should be respon- 
■ui for agricultural statistics. He wanted to make this 
Bible 101 jiadras Presidency at any rate, this 


point 


clear because in 


work was being 


carried out by the Industries Department. 


^^rrv, r'haivTiKin said that this was entirely within the com- 
„f the Provincial Government. Mr. Roberts said 
petencv ° yields could be obtained by other methods 

that t'le • ^ „tting experiments, e.rj.. of cotton through 

ns well as o pressing factone.s— crop-cutting would involve 
" The difficulty w.is of obtaining standard 


ginning } 


long 


waiting- 
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yields !)ccn\iso the Innd revenue and oilier taxes were based 
on this yield and tlic fanners were naturally anxious to make 
that fip^irc as low ns jiossible. It was in the interest of tlie 
country that actual figures Bhotild be obtained. 

Subject III. — A review ol work on the improvement of 
bullock-drawn implements, with suggestions for the 
future. . 

.Ur. Charley in introducing the subject said that he had 
ver}' little to add to his note (Appendix VII) which had been 
circulated to the members of the Board. In the first few pages 
he had attempted to give a very brief outline of the carlv work 
on implements. A.s lie had mentioned in the note, he was of 
the opinion that the implement problem liad not been tackled 
from the right angle. Too much time had been devoted to 
attempts at introducing elaborate, horse dra\sTi, western im- 
plements. working from the top downwards rather than from 
the bottom upwai^s, from the existing indigenous implements 
towards better forms. Secondly, he pointed out the notable 
achievement of the early workers in the successful introduc- 
tion of the modern, western, mouldboard plough. This was 
contradictory to his remarks regarding the wrong approach to 
the problem, Imt happened to be one of the few exceptions. 
Thirdly, there was the birth of the plough making industry 
in India, and its rise to a very important position Regard- 
ing this point he referred to page 27fi of his note 

The present position, he said, was characterised by a 
somewhat greater appreciation in all quarters of the impor- 
tance of agricultural engineering to Indian Agriculture and 
a better attention to the subject on the part of Agricultural 
Departments, by the services of the Imperial Council of 
Agricultural Research in various directions, and by the mark- 
ed improvement in the qualilv and prestige of Indian made 
implements, .all attributable in some way to the valuable 
recommendations of the Royal Commission of 192G. The 
future appe<ared brighter than it had ever been, but the path 
of progress was still beset with many difficulties. 

On page 279, he had said something regarding the pros 
and cons of the modern, inversion, mouldboard plough. 
There was no doubt that the utility of the modern, inversion 
plough was very’ closely linked up with soil fertility. 

On page 279, he had referred to the way in which plant 
breeders and others might work in collaboration with the agri- 
cultural engineer, and gave several examples in which such 
collaboration could be effected. 
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On pages and 2SI, a brief reference was made to the 
various types of improved implements, including a bund form- 
ing implement, which had been designed to replace the labo- 
rious and costly hand tool method of bunding. In addition 
to the bunding of fields for irrigation, it had found a valu- 
able application in dry farming tracts for moisture conserva- 
tion work. The new system of basin iisting was proving most 
effective in moisture conservation and erosion control in 
America where it had licen developed, and could be applied 
with great advantage in India. He had recently designed a 
simple basin furrowing iinplcnient for bullock draught and it 
was working verv well. 


^ In the lecent competition inaugurated by the Imperial 
Council of Agricultural Ilesearch for improvements in tillage 
implcinems, the designs submitted displayed a marked ten- 
dency to depart too far from conventional iine.s into the realm 
of fantastic, impracticable and “gadget” features. In the 
design of implcment.s, the guiding principles should be e.v- 
treme simplicity, complete practicability and standard, well 
approved practice. Tu manufacture the pressing need was 
for improved quality mid finish, .standardisation and mass 
production. 


On page 2S1, he had said .something alxiut single and 
multiple purpose implements. There was no doubt that the 
cultivator could not afford to have a wide range of imple- 
ments but he advised that, as far ns possitde. the tendency 
should be towards single puriiose imiilcment.s rather than to- 
wards dual or multi-purpose implements, which were usually 
inefTieient. 


A.s regards yoking and hitching (page 2S1). the trouble 
was' the ."tceii draught line. The big vertical coinponeiu of 
the pull tended to lift the implement out of the groumh 
There seemed to tie no praeticable solu ion. 
yokes, there bad 1-een various n"empl^- '.I^ 

common wooden yoke. .^n improied 

in ^fadras employed a broad leather liroad 

coupled to a spreader bar at the rear. . , 'i' 
contact area on tlif' neck aniJ pall‘d were p 

Mr flmrlcv tlieii e.vplaincd tbe suggestions made by bim 
on pages 2*^2 to 2,«a of his note. Tlie lirst ■‘""j-!"""'' ’'i; 

ed to tbe niamifactnrc of im|.lcnients. . ' . 

olistaclc to tlieir witicr a(Ioptioii wa*; their j»ri . 
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was considerable prospect of its reduction by large scale pro- 
duction. Eight or ten years ago Kirloskars’ cast, turnwrest 
ploughs were priced about Rs. 80 Now they were down to 
about Rs. 30. A light Meston type plough was capable of 
very cheap production. Though it was about Rs. 9 only a 
few years ago, it was now down to Rs. 3-12-0, and could be 
reduced to Rs. 2 by mass production. Each Province was 
developing its own range of implements. The result was 
that a large number of types were being produced for a few 
set conditions. There should be co-ordination of the work in 
the various Provinces and standardisation on a few basic 
^tj'pes. We must retain only the very best types and fix on 
the very minimum number that will meet most requirements 
and standardise upon them. For example, there were about 
a dozen tvpes of turnwrest ploughs offered by one Indian 
maker. Three or four would be enough In Madras Presi- 
dencj,’ there were about thirty distinct forms of cane-cutting 
knives where two or three would suffice. The village manu- 
facturer should be eliminated as it was impossible to build up 
a supply of efficient, standardised implements on a basis of 
village manufacture. 

There was room for Improvement in the matter of publi- 
cations. In writing his note he had had to spend many hours 
in the Librnrv at Coimbatore to confirm what had been done- 
in other Provinces He could discover only scrappy reports 
and no conclusions. It was almost impossible to get a correct 
idea of what wa.s going on in India in implement work. 
With regard to leaflets and bulletins, thev were not striking 
the right note We had modelled our publications on conser- 
vative western lines which were quite unfitted to the stand- 
ards of intelligence and education of the Indian farmer, and 
we needed to adopt a much simpler and more attractive style. 
Much more use should be made of pictorial illustration. Our 
message should be conveyed, as far as possible, by simple, 
forceful and attractive drawings and action photographs. 

His next suggestion related to the training of agricultural 
students — those whose business it was later on. as demonstra- 
tors. to instruct and educate the farmer in the advantages 
and use of improved implements. He found demonstrators 
in ^ladras knew ver>' ver>’ little about modern implements and 
machines and agricultural engineering generally. They had 
never been taught it. He suspected that what prevailed in 
Madras might be prevailing in other Provinces. ^Manv de- 
monstrators in Madras could not even name the parts of im- 
plements or describe their function^ correctly, and when they 
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take the initiative and start experiments under different condi- 
tions throughout India in co-operation with the local depart- . 
ments of Agriculture. 

Mr. Johnston said that the Itoyal Commission on Agricul- 
ture has observed that no c.xperimental work had been done on 
the use of furrow turning ploughs in India to find out whether 
they were economically advantageous or not. On going 
through the records he found that some work had been done at 
Cawnpore and Lyallpur. The c.\pcriments carried out at 
lyallpur did not show any increase in yield, whereas the e.\- 
periments conducted at Cawnpore showed that there was a 
distinct increase. The difference in these results might be 
due to climatic and other condition.s. Jlr. Johnston said 
that in many parts of India, pnrticidarly in the drj- tracts, 
there was not the same need for furrow turning ploughs ns 
in European countries. In iracl.s with a low rainfall where 
crass and weeds were scarce, a cnltivaling implement which 
stirred up the soil served the purpose of pres ucing a good 
tilth equallv ns well as a furrow turning plough, brom ex 
nirimeh s carried out at Evallpur it was found that the use 
oMmproved implements caused little or no increase in CTop 
of improieu i saving in time and lalmiir 

•’’® dfed"from their iL.' ^If zamindars have lime and la «ur 
resulted from tlicir ure indige. 

to spare the) can obtain as w j imnlcmenu, provided the 
nous implements ns with i I willing to carrv out the 

land is not t^ dirty g!xi<i tilth. The 

requi.«itc nnmlicr of "1’™' ^ (,„rried out in the eanal 

c.\perinicnt.s referred , Ktians varied from one trnrt 

colonies of Province he stressed the im- 

to another and from • ' 0 ,^ in each Provinee on the 

portance of condnehn^ exj 

subject. ^ flip CUirrnnn nrinoiiiu-tNi 

Before (be meeting tomorrow and 

that tlie would sU n tbe Baud. 

Burns would preside ‘ j’; .^ir Bry..- Itu.rt 

.1/r. fiolwrts proposes! Visw.snatli and c.irncsl 

It was seconded hy Ilao Pahadiir 

unanimously by lb'' Bonn . to meet ajmin .at 

Tlic IViard ntlioumetl at i-- • 

10 A M on 0th Pw-eniber. 



Proceedings. 

Fourtli day. 

The meeting started at 10-05 a.m. 

lino Sahib Thadani said that if it was possible to get a 
review of the improved implements in use in all provinces for 
various purposes, it would considerably help in finding out 
what use could be made of them in other parts of India. He 
suggested the preparation of a list of that sort. In Sind, any 
implement which was costly or complicated in design or re- 
quired greater draught of cattle did not find favour with the 
cultivators. The farmers at the same time did not want many 
implements for rice. The department had now introduced a 
plough which had become the standard plough in the province 
especially on the left bank in the areas where cotton and wheat 
were grown. It came into use early in 1907 in Thar Parker 
district; that was now the only implement in use for plough- 
ing, inicrculturing and all kinds of operations requiring tilth. 
Its pattern was that of Egyptian plough, it was called Sirkar 
plough, costing about five rupees. Another implement which 
they found to be of use was a kind of seed-drill. At present 
they were using the Lyallpur pattern of seed-drill Another 
implement whicli had been recently designed was known as 
Jenkins Clod Crusher. This implement was devised to bre.ik 
clods in stiff lands, and in the case of large irrigated areas, to 
retain the moisture in the land bv running it over the lurfacc 
Its further use Imd l)ocn tlmt of tlireshing crops like wheat, 
juar and nee This implement was \en popular l«ei\'»uso of 
its use for two or tliroo purposes but its cost was rather prohi- 
bitive l*eing nlioul Us “il Tliev ^\^^e Irving to jntro<iuce a 
oo-oj>crative system for wider ilistribntinn of sncIi implements 
Anotlier implement introdm*e«l was t!ic winnowing marhine. 
Tliis imjilcment was verv useful for winnowing whe.at l-oforc 
tlie start of the rains Often for want of a good hreere win- 
now mg was ilelavod and the crops an' ilnrnnged by the rains. 
He had given a list of useful implements m bis note r.nd it 
would In' ver\ lu'lpful if similar lists of useful implements 
"en prepare<l for other proMm-es 

Ur \Vnn Slid that ls*fore he left the Central Pmviprrs 
he made a close studv of ploughs and plougli wnrl: in India 
There np]>ean'd to Iv' two questions in ploughing, i (i) of 
iineT>ion and fiU of de;>tli In the casi- of rrr>p« tie 

inversion plough wa« not useless hut it wa« rera* evp--r.«iie 
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local mamifactnrer was rather n menace. The ploughs manu- 
factured were never reliable and wore out in about fifty or 
sixlv Ijours of work. Ilansonie ploughs lasted two or three 
times as long, but the trouble was the primary cost, f.^., 
Rs. 8-8-0. They had arranged with Kirloskars to make tho 
body of the plougli and by putting in the Ransomc share in the 
implement the price was reduced to Rs. fi-S-O. Plic price %\ns 
also helped to go down by mass production of wooden parts. 
This could only be done by tho fact that they were able to gwo 
^lessrs. Kirloskar very large order. 

Resides the question of cheapening the cost of the plough 
and standardisation, another important question ■nas of 
demonstration, which in some cases was extraordinarily bad, 
partly due to the fact that tlic demonstrators were not properly 
trained in the work. A good deal more emphasis should be 
laid on making these men know their part of the work ^ycll. It 
was however, important that a good deal of incentive'and en- 
couragement should be given to the men doing such demonstra- 
tion. Something in the way of a demonstration fee should 
always Ixj paid, as that was very helpful in improving the 
sales of ploughs. His experience in tho Central Provinces 
was that by paying Re. 0-8-0 on every plough to the demons- 
trator the sale jumped from 2,000 to C’OOO ploughs jn one year. 
He then emphasised tho fact that the department must ofgon- 
i/.o a certain amount of service. .It was no use selling a plough 
unless tho Department was able to sec tlint it was kept up to 
the mark as otherwise wlien things once began to wear the 
cultivator would dump it into his godown for ever. 

To sum up, he said, it was necessary, in order to improve 
the ploughing implements, to introduce a cheap and reliablo 
plough, giving incentive to the party doing demonstration 
work by paying commission and maintaining service in order 
to keep up the reputation. 

Mr. Wynne Sayer held that the country plough was most 
suitable for use in a small holding. The reason of the turn- 
over plough being unpopular was not entirely the poor purchas- 
ing power of the rvot or the miserable condition of the bullocks 
but that the cultivator was not convinced of its usefulness. 
The experience of the cultivator was. and he quite agreed with 
him there, that by deep ploughing for rahi one was liable to 
lose moisture. The standard rule was to open land deep in 
the hot weather for kharif and to open littfe and close it as 
soon as possible when dealing with rabi sowings. He was of 

o 
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the opinion that a lot of experiments with regard to ordinary 
countp^ plough were realty inconclusive as along with the desi 
plough deep ploughing was done whenever it was found neces- 
sary. They failed to realise that a r3'ot holding an acre of 
land gave it a ten inch working with a kodaJi in March or 
April and this was his deep ploughing— while mhar {Cajamis 
indicus) was also a crop which worked the land deeply by 
reason of its root system — such a man did not want a turn-over 
plough on his holding and it was only the man with a' holding 
of five acres or so who could utilize iron ploughs. 

Further he said that they should find the reason why the 
ryot at the present moment was so conservative. About 
ploughs, the fact was that he was absolutely terrified to go 
outside of what he realty did know. Mr. Sayer felt that 
if the cultivator had a piece of land where he could do experi- 
ment and was not dependent entirety for his livelihood on that 
land he would prob.ably be much less conservative, and if ho 
was convinced of the advantages of the turn-over jilough ho 
would take it up. After all he had taken up great laanv other 
things, e.g., ho took up Coimbatore canes very (|uickly hut ho 
was very nervous of doing something to his land wliich has 
forefathers told him was not onstomarv farming practice and 
until they definitely proved to him that it was .eonml practice, 
things would remain as they wore In rogaril to winnowers 
and other labour saving implements, it is difilcull to see n uch 
chance for spread of such machines ns the labour was extreme- 
ly cheap. 

Mr. Low was in general agreement with Mr Sayer ntid 
said that nobody would suggest that imjirovcd lupilemetits 
could do the whole job lie was of the opitiion ifiat the soil turn- 
ing improved plough could only lie used as an nd.junct Imt it 
could never replace the indigenous ordinary plougli It was 
therefore unwise to di.spense with the countrv jilough altoge- 
ther. From his experience of Cawnporc and elsewhere he 
could say that locally made .'^liorrrs worlceil for 20 —18 hours, 
while th*e Fnglish ones worked for aliout 200 hours 

Khan Bahadur Fairh-iid-din thought that the cultivator in 
the I’linjab is not convinced that if he were to put more money 
in the purchase of an improved plough he would get equally 
grvxl .service, otherwi.se he w.as quite quick in adopting nietlioils 
and taking on implements which were Is'neficial to him. r.g., 
in .lullundhur where holdings were small, lieitig roughly two 
acres each they had to put nil avnil.ablc area under pram crops 
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and had to economise in fo<ldcr. Clinff-cuttors were, there- 
fore, commonly in use in that District. It appears therefore 
that the Department had not yet produced any plougli which 
was cfiicient for all purposes of the cultivator. 

Sardnr Uarchand S\nrjh (Patiala) said that before evolving 
a plough they had three points to consider, i.c., (1) it should 
be cheap, (2) it should be capable of repairs by the ordinary 
village blacksmith and (3) it should be as cfTicicnt as the iron 
plough and should have no nut and boll. Such a plough has 
been invented by them and was exhibited in the Lahore Exhi- 
bition by the name of Patiala Plough. The village blacksmith 
was paid in kind for his contract of repairs during the whole 
year whether the Avork Avas small or large. It therefore suited 
the cultivator to get all repairs done by the village blacksmith. 
The cutting point of the iron plough A\-ore out quickly. In 
his opinion the desi ]dough could not be replaced altogether. 
The l^ntiala plough had a long iron bar which scrvctl tlTc ])ur- 
posc of a cutting point. It could be mended locally and could 
be had for Re. 0-4-0 to RvS. 0-5-0. The Kirloskars supplied 
them this plough at Rs. 11 f. o. r. Patiala but the arrangement 
was not satisfactory. His Highness the ^laharaja Sahib 
Bahadur had sanctioned Rs. 25.000 for the distribution of 
implements among the ryots. There was a proposal to start 
a Avorkshop, in AA'hich this grant is to bo in\’ested and certain 
shares AA'cre to be aIlottc<l botli to the farmers and the firms. 
The profit from the State share is to go back to the cultivators 
in the form of cheaper implements. The bullocks were ac- 
customed to draAv a plough in AA'liich the beam Avns at a certain 
angle to their shoulders as in the desi plough and so a plough 
having these merits AA'OuId be popular. Also tJie adjustment 
should be so simple as to make it go deep or shallow into the 
soil according to requirements Avithout opening nuts and bolts. 
They had made that improA’ement in the Patiala plough. The 
cuItiA'ator should be able to do this adjustment by a piece of 
Avood obtainable from the trees on his fields as was done in the 
case of desi plough. 

Mr. Roberts said that he Avas particularly interested in 
^Ir. Charley’s Avay of looking at the problem. In the past 
there had been a tendency to work from the top downwards in- 
stead of from the bottom upwards. Most of the earlier recruits 
to the Agricultural Department started by trying to introduce 
the English plough or a modification of it instead of by Avork- 
ing up from what was already in use in the country and seeing 
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hat improvement could be effected. He su^gesred tiiat tlie 
first duty of each province in this connection should be to liave 
a reliable record of indigenous implements in use and of the 
places where thev were used and if possible to set up some kind 
of nuiseiim. This sort of work was heiiig done in Great 
Britain in agricultural colleges and a great deal of attention 
was being paid to the historical aspect of implement improve- 
nient. Ihe lack of record of improved implements at provin- 
cial agricultural colleges in India was a serious handicap in 
the way of improving their performances and ^tension. He 
had no doubt that this was a counsel of perfection {ov one or 
two jirovinccs hut taking India, as a whole, this method of 
approach was the soundest w.ay of tackling this problcni. 

The subject of bullock cart was tlien taken up. Mr. Jen- 
kins described the three types of cart 'wheels wcntioiicd in 
Messrs. Patel's and Paranjpe’s note (Appendix VH, G.) ami 
Slid that an attempt was being made in Bomh.ay to utilise the 
fanll-hoaring fittings on to the ordinary country bnllovk cart. 
The i-esnlts of c.xpcrimcnts conducted so far showed that the 
hall-bcaring country wheels were ijuile •stin’Cs.sfiil fur draught 
purposes on all liard roads and lliese wheels will [icrmit to in- 
crease the load by thirty to forty per cent on all hinds of road.s 
without increasing the' ilrangbt oier the coiinirv cart wheels. 
The carts fitted with ball-bearing.s have breii foiimi more use- 
ful than the country eart.s and lo.ss costly Ilian niblxw ivred 
carts. He advocated the fiitiirc dovolopniciil of 'be bullock 
cart on the lines adopted in Hoiiibay 


Jt/r. Sat/rr remarked that bcfvmld not acccfit t>*c tests which 
had been made a.s evidence of the value of the new iiiveiition 
He noticed that all the trials had lieen iiinde on hard am! inctli- 
uw iiaril surface He personally did not know Imw farm carts 
were used on ISoiiihay farms wlwiher ibev co "" 'be i iiltnatcd 
band and how they were In.aded up. hot tlicm try and realme 
(bat if n carl with the arlillen tv|)e of wheel goes on to soft or 
wet siirfaeo. it at onee liecms to sliow a great inerea'e in 

resistance, increasing as the wetness or softne-s im-nvises 

?h S is not the case with the D.iiilo,. wheel. He agreed will, 
Mr .Teukins that it was most important to rednee the n„l ami 
this was a point thev liail ronliniioiislv la-fore them. 

Vr CharUv saitl that the note contained a nnmb.-r of Irsw-e 
errors llefcrrinc to the list of disadvanlagcs 
"'w-Tlnd lieen levelled against the riiblx'r-tvred wheel at the 
SnnlS of Vri. 0,1. he ehallenged .be 
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authors’ statement and said that there were no real disadvan- 
tages apart perhaps from the higli first cost. He contended 
that the authors liad missed the point. I'hc tlcfects of the 
country cart wheel were not in the hub but in tlie tyro. They 
had gone to great pains to equip the huh with ball hearings, 
and had thereby cfTccted a saving of 20 lb. in draught l3y 
reducing hub friction. Mr. Charley was inclined to think that 
the saving of 20 lb. was more than a true figure; however, he 
was prepared to let them have it. That was all they were 
going to get. The saving would not increase appreciably no 
matter with what loads they made their comparative tests, and 
it was. of course, not influenced at all by the kind of surface on 
which the draught tests were made. Hub friction had no 
connection whatever with track resistance. He then quoted 
results of draught tests he had made himself to show the 


advantages of the nibhor-tyrod wheels. 

Country cart. 
One ton groM. 
lb. 

Rnbber-tjTcd cart. 
One ton gro^s. 

Ib. 

Ha^l road 


. 

35 

Good metalled road . 


35 

40 

Average metalled road 


50 

45 

Gravel road 


70 

45 

Hard earth road 


85 

45 

Dry soft earth road . 


170 

85 

Loose Sand 


400 

150 

Ploughed field . 


420 

100 


With their extraordinary draught reducing propensities 
on the rougher and softer surfaces, to say nothing of their very 
much greater load carrying capacity and other advantages, 
they completely eclipsed the ball bearing country wheel with 
its small solitary advantage of a mere 20 lb. saving in draught. 
He admitted that the rubber-tyred cart pulled a few' pounds 
heavier on very hard, smooth road, but the extent to which 
carts w’ere used on such surfaces was negligible Besides, the 
few pounds heavier draught on such rare surfaces w'as negligi- 
ble. and the rubber-tyred cart had so many other advantages 
He referred to the enormous saving to the roads. 

In addition to their tests on the level, the authors had made 
tests on a gradient. There was no point in this, of course; 
it was just as senseless as testing the speed of an airoplane 
against a headwind of known velocity, and, unfortunately for 
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the authors, it had furnished a check on their figures. On the 
same gradient, under the same conditions of surface and load- 
ing, their figure for the saving in draught was considerably 
different in proportion from the saving measured on the iereh 
which showed that one or other of the figures was wrong. And 
the authors’ estimate of the life of the rubber tyres and the 
cost of maintenance of the rubber-tyred cart was completely 
in error. It was a bad guess. 

Mr. Charley did not like the idea of ball bearings for the 
hub, and the practice of setting the bearings directly into the 
recesses in the wooden hub could not, for a moment, be accept- 
ed. If they must fit friotionless bearings to their country 
wheel, they should be tapered roller bearings which are capable 
of adjustment, properly set in a metal housing, and properly 
fitted on an accurately turned axle. The Dunlop wheel gave 
all this in addition to its wonderful ruhlicr tyre. He contend- 
ed that the authors were misdirecting their efforts and wast- 
ing their time. For road and farm transport, the nibber- 
tyrcd cart wheel had overwhelming advantages It was well 
established in other countries and had come to stay in India. 


In regard to ploughs, he said, there was a tendency to 
regard the niodevn, mouldboard plough as a panacea for all 
ills, which it certainly was not It could onlv play a part 
with other implements as a means to an end and not as an end 
in itself. He said that Messrs. Allan and Joliiiston had writ- 


ten a lot on the subject of inversion versus non-inversion 
ploughing, but nowhere in their test reports could he see anv 
mention ns to the degree of inversion which had Ireen effected 
He had so often seen small, mouldboard ploughs giving no 
more inversion than country ploughs, particularly when they 
were being worked on their points, or with their nionhllwanls 
stuck full of soil as they so often were It was no nsc l.alking 
about inversion and e,stiniating the effect of it if there had been 
no inversion or very little inversion. In future tests, tins 
factor shoidd he closely observed and taken into account. 
Everyone thought of the moiddl>oard plough merely in terms 
of inversion. An equally, if not more, important function of 
the mouldboard, was to pulverise It was probably true to 
of tlic typos of moul()l)oardR prodiimt wore pn- 
l ar k p rerilirn.o.^^cUvvards. Mr. Charl'ty thought that 
of the advantage which had Iicen attributed to inversion, 

due to iK'tter tilth <hic to better pulvcri.smg. He would 
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like to see much more talk and attention devoted to tilth and 
not so much to inversion. Although it might not be possible 
to make out a strong case, at all times, for the mouldboard 
plough, on the grounds of inversion, he considered it the best 
primary tool in the preparation of tilth, and thought it -would 
not be displaced. 

Vr Burns said that Mr. Roberts had suggested the follow- 
ing resolution : 

“The Board recommends that all provinces and states 

(a) collect a museum of indigenous implements in use, 

(b) prepare and publish a description with photographs 
of all indigenous implements as well as improved 

• types in use in their territory/’ 

Mr. Jenkins seconded the resolution which was unanimously 
passed. 

Mr. Jenliins said that they had tried rubber tyres on Gov- 
ernment farm in Sind but without success. 

Dr. Bums said that the question of rubber tyres must be 
further examined with more experimentation to see bow far 
they were going to be suitable for village conditions The sub- 
ject of implements had slmwn very clearly liow very much the 
implement study was tied up with other things particularly 
with soil science, the question of tilth, for example, was one 
which could be pursued a lot further particularly in relation 
to the question of inversion and pulverising efTect, particularly 
the effect of newly designed rotary implements ^^hich broke up 
soils into something like the pulverised state in ore operation. 
He was sorry that the discussion had to terminate. Dr. Burns 
requested members concerned to ^ through the minutes verv 
•carefully and make the record of this debate as complete and 
scientific as possible. 

Subject V. — “A Review ol the -work done on water tequlre-- 
menls of crops and an appreciation of the present posi- 
tion with suggestions for the future.” 

Dr, Rene, in introducing the subject, e.vplaincd various 
important points in his note (Appendix VIII, A.) and said— 

“I have attempted to take a concise review of the work 
■on the wafer-requirement of ngricultural crops so far done in 
India and I do not propose to repeat it again. This review is 
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keeping sealed pots in lino with the crop in open field would bo 
more reliable than condueting the cxjierinient in the pot cul- 
ture shed. It has l>ccn, however, rccentiv shown by Words- 
worth in his e.xperinieiits with siigareanc' that plant.s nb.sorb 
water through the leaves and carry it to the soil. This method 
of c.xposiirc of the leaves to the rain and dew is thus likclv to 
vitiate the e.vpcrinient even though the pots niav be thoroughly 
.sealed to prevent direct absorption by the .soil. Fnrthcr°the 
thennal soil fluctuations in the pot.s liavc lieen found to bo of 
higher magnitude than in the field. The influcnee of soil 
tem[)eratnre.s on water consiiniptioii has received seantv atten- 
tion .so far: but some prcci.«e .study of potometer experiments 
by Vasqne have shown that within (he limits of 10’ to 15“C.. 
water ab.so'rptioh rapiiily increases under the infinence of a 
higher tcniperatnrc. 

Other important factors which determine the water re- 
quirement of crops are .soil types, methods of irrigation, soil 
moi.sture, methods of cidlivation and the proximity of the .sub- 
soil water-table and in all these it wonhl lie seen, the pot cnl- 
tnre metliod differs in .some respects or oilier from the field 
condilion.s. .-Vecording to the modern genetic method rf soil 
classificalion. the profile elmracleri.stics are eonsirlered to give 
a true index of the ,«oil type and in the t>nl enllnre method 
where the soil is to he dug out and pael.ed. the '•haraeterislie 
features of the profile are roiiiplelely disliirhed even though 
great care mar lie taken to replace the .soil in hirers. The 
most obvious effect observed is on the root penetration spenally 
in the heavier .soil types as the black eottoii w)il of the Deivan 
Cana! tract. It baa lioen fonmi. for inslniice. during our re- 
searelics on sugarcane that while in the field the rooi system Imd 
licen verv poor with a depth of penetration of almiit I't . the 
same soil when transferred to the iwits shnned a rery fr<v 
iIrrelo[)ment of roots tlimughoui tlie -t" dejuti ft must Ii^' 

ntssi ivmeinliered that lhes<- (xil enllnre experiments are genr- 

ralle cnruUict<'<J with tiiirfini* one t/> luo ftsU of sml, whue rt 
lias’lven the eommou exiieneriei' llml in eertaiu soil groups the 
nvits tap much dis'jmr lavers In Fiml. for iiistam-e, ei.tlmi 
resits uere oli'orved to nmrb a depth of w, while in llihar the 
fiiearv-aiie psus are found to (s'lielrale tip to or O'. .Nrenrd- 
ing to Viemaver. the depth of the |wnelratum of plant nsUs 
umh-r imtur.tl cemditions tsiiipled with the Icnowledge of the 
m<.i«ture esqiiiialent of the s-nl is .an im[Kirt.iut feature for 
Utsitig the irrig.Ttieii pr.reties* and this has in fact revoliilioiiis- 
isf the irri'-r.rtiea system iu t'.ilifornia 
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irrigation, however, it can be divided into "effective’' and 
"non-effective". ” 

Tlie Chairman said that he would like to focus the atten- 
tion of the Board to the discussion of the point as to bow far 
during the last few years attempts have been made to get an 
exact idea of the water required in a particular place, for a 
particular crop and on what conditions If no such informa- 
tion %Yas available what measures should be taken to get to 
that accuracy- The opinions of the visitors to the Board v.’bo 
were directly interested in the problem from the irrigation 
side would be welcome. 
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others is ivell known in this connection and need not lie repeat- 
ea. 1 want to point out, howerer, that this method cannot 
be taken as the he-all and end-all of the practical recommenda- 
tions as regards the irrigational quantities under field condi- 
tions or in other words transplanting these results in ioto to 
the field conditions may lead to failure. As an instance, I 
ina 3 ' say that while in Bengal, the total water-requirement of 
the rice has been shown to be under 30" by the pot culture 
method, under field conditions, the amount of 40" total depth 
is held to be the minimum necessity for the successful crop of 
rice. Similar has been the experience with sugarcane in the 
Deccan canal tract. There has also been a great deal of pot 
culture e.xperimentation and we shall have now to turn our 
attention to the field aspect of the problem. 


It is no doubt a very complicated affair to measure the 
transpiration of a plant in its natural habitat with a normally 
developed root sj’stem spreading unhindered in the soil. The 
field investigation is not also so amenable to nccitrncy its is pos- 
sible under pot culture e.xperimentation. It is however con- 
sidered that a very reliable data could bo obtained in case cer- 
tain conditions are satisfied. One obvious cause of inaccuracy 
is the loss by seepage through the irrigational channels. It 
has been in fact estimated that the loss due both to evapor.ation 
and percolation, comes to such a large figure as about fort}--five 
per cent, from the head of the canal, while even in water cour- 
ses about twenty-two per cent, of the water ilelivercd is lost 
in this way. In recent e.xperiment.s. this loss is eliminated by 
delivery of tlie water through cement channel.s ns in Sind or 
tlirou"!! underground bume pipes as at Padegaon. The plot 
size is anotlier important consideration, which would depend 
upon the lie of the land. The plot size for the ili^- farming 
in the ratio of 1 : 10 would he impracticable from the stand- 
point of uniform distribution of irrigation. At radegaon we 
have found the plot size 32'x54Ti' in the ratio of about 1 : 1-5 
to be quite suitable where the gradient is above 1 in 500. Tur- 
tlier tiie field investigation should b.ave to be necessarily a 
comparative one with three to four different deltas. Tor this 
purpose it would be ncccss.arv to have some preliminary linow- 
{cd"oof the moisture equivalent of the .soil and root penetration. 
In order to get a critical result one or two treatments below 
what is considered to bo the optimum and some above will li.avc 
to be introduced. Another cause of inaccuracy is the rainfall 
which is an uncontrollable factor. Trom the standpoint of 
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irrigation, however, it can be divided into “cfTccLive” and 
“non-effective”. ” 

The Cliairinan said tliat lie -would like to focus the atten- 
tion of the Board to the discussion of the point as to how far 
during the last few years attempts have been made to get an 
exact idea of the water required in a particular place, for a 
particular crop and on -what c*onditions. If no such informa- 
tion was available what measures should be taken to get to 
that accuracy. The opinions of the visitors to the Board v;ho 
were directly interested in the problem from the irrigation 
side would be welcome. 

Dr. Puri said that in all the work of water-j'equircment, a 
very important factor had been overlooked, i e , the amount of 
water lost by seepage in the soil. He did not mean seepage 
through irrigation channels. This loss of water depended on 
the frequency and intensity of irrigation and type of soil irri- 
gated. Anything from forty to seventy per cent, of the water 
is lost and it was for this reason that the work done in ]>ot cul- 
tures where this loss was eliminated was usually one hundred 
per cent, off the mark. In many cases the water-requirements, 
as determined by pot culture, was only half of what -was found 
in tlie field. It was imporUint that this factor should be 
taken into consideration in all future studies of water-require- 
ment Very little water came from the water-table for the use 
of plants if the water-table was deeper than 5' to C' l)ecause the 
capillary pull did not extend very high. But some water was 
lost or was evaporated not by the capillary movement but by 
the film movement. This water was therefore important not 
because it added to the water required by the plant, but in 
actually reducing the loss of water that was put on the soil 
for, the use of the plant. Another factor which should be 
taken into consideration was the depth of the water-table not 
because it supplied water but because it reduced the losses that 
were likely to take place in the water put on the soil. 

The Chairman (Dr. W Burns) said that he had recently 
had occasion to be present at discussions of the Research Offi- 
cers of the Irrigation Department and those of the Board of 
•Irrigation itself. They had prepared a questionnaire on con- 
ditions pre-disposing to harmful saturation which might ulti- 
mately result in waterlogging to which answers had been given 
• by great many people. He asked ^Messrs. Richardson. Bed- 
ford and Bigsby to give their ideas as to how the irrigation 
Department as a whole tackled this question looking at the 
matter from the agricultural point of vic^. 
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Air. Bigshy said that from the irrigation point of ^ ien- the 

^ ^ricultl^^^Xartn^ent 

to realise in dry provinces that water was limited and there- 
ore research should be directed from irrigation point of view 
obtaining the best dividend from the ciisec of v/ntcr rather 
^ the acre of land. No research had been done in 
mat line and there the Irrigation Department to some extent 
came in conflict with the Agricultural Department. Parti- 
cular attention should be paid to this question. He would 
also stress the importance, in view of the subject of tube-wells, 
of finding the water-requirements at various stages of the crop. 
These would vary very considerably with the climate. In the 
Northern Punjab the limiting factor as regards ?abi was the 
water available at sowing period. Very little was linov\'n of 
water-requirements in the intermediate and at maturing 
periods. It was extremely important from the point of view 
of tube-wells to know whkher the cultivator could economise 
water during the intermediate stages after the sowing was 
finished. 


A/r. Bedford said that there were some points in connection 
with the economical use of water that might be overlooked. 
AVhen the Punjab started a new canal system targe areas of 
land were reserved and given out to ordinary zamindars. The 
majority of these knew well irrigation intimately. Before 
they were given canal lands they used well water economically. 
The reasons why they used canal water apparently uneconom'i- 
cally appeared to be that on the wells there are generally a 
large number of human beings on a small area of land and a 
very small quantity of water. They had to spread that w ater 
with the greatest economy and they had free home labour 
which could be utilised. He thought it was f.allacious to at- 
tempt to draw any conclusions, from a study of the water used 
from open wells assuming a cash value for the labour which 
was put into the work. The labour was free and when a man 
was viven larger areas of land and a bigger supply of water 
but had not the labour the result was that he had to use more 
water. The amount of water which a cultivator ivould use 
was purely an economic problem. Where he used more can.al 
water it was because it paid the cultivator to do so. In the 
Bin Bar tract large areas were given out for femporarv culti- 
vation to big zamindars and also to small cultivators, the unit 
for the small man being a rectangle or two. The big man who 
had land of 1,000 to 2.000 acres on temporary cultivation used 
appreciably more water per unit than the small cultivator. 



Ill 


The reason was clear, the big man with a large block of land 
wants a big profit with the smallest expenditure and to do 
that he uses large quantities of water and small quantities of 
labour on a concentrated area of crop. The same thing is seen 
if we compare the water*requirenient of older canals with the 
newer ones. The amount of water required to mature a crop 
was smaller on older canals. The holdings are smaller on the 
older canals and the number of human beings depending are 
larger. Here again the conditions were becoming similar to 
wells, small holdings and a large amount of free labour. 
During the maturing of the kharif crop and the sowing of the 
rabi there was always water shortage and the variation in the 
amount of Kharif and Rabi crops sown was purely economic. 
If the price of foodstufTs rose, the area irrigated went up be- 
cause it paid the cultivator to spread his water over a bigger 
area. The cultivator knew that the outturn which he would 
get per acre would be reduced but the price having gone up it 
paid him to get a smaller surplus per acre because the price 
of that surplus was higher. 'When the price of the outturn 
dropped ho used more water on a smaller area because the in- 
crease in water increased bis output and he required a bigger 
surplus because the price of that surplus was less Ho was 
inclined to think, broadly 8|>eaking. that it was fallacious 
to try to get something for nothing in the use of N/atcr. If 
water was reduced, generally speaking outturn would be 
reduced. 

Mr. Richardson said that a great deal of work had been 
done in fundamental research but not much had been done to 
guide the engineer in applying that research in his dealing 
with the cultivator. He suggested more co-ojicration between 
Irrigation and Agricultural OfTicers for the practical solution 
of any problem dealing with the application of water to the 
fields. 

Mr. Mehta (T^aiul Reclamation Officer. Punjab) said that 
in dealing with the suhicct of the water requirements of crops 
the main thing to consider was the soil The \.ater require- 
ments of crops were difTerent with difTcrent tvpes of soil. 

In the canal irrigated tracts of the Punjab water is distri- 
buted under a “Wari” svslcm. i.e., the remindar gets iiis turn 
for ^yale^ after a certain niimiK'r of days Out of this turn 
it is impossible for him to get water. In finding out the water 
requirements of crops, therefore, this limitation has to he 
taken into con«idcration. 
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The introduction of the “Khal Kiari Sysleni*’ brings about 
an appreciable saving in the jEinioiint of" water re(]uired to 
mature crops. 

■Tn the Punjab colonies it lias been found that the water of 
the water-table is capable of being lifted to a height nliich is 
characteristic of the soil itself. When the water-tahle rises 
to within this height from the natural surface the water re- 
quired to inatnro crop.s is much Ics.s than when the water-tahle 
is rery deep. At the same time the salts have a tendency to 
move towards the surface which, if cultivation is neglected, 
results in the soil becoming ‘TImr’ (Kalar), The future of 
I’nnjab agriculture can therefore be visualised in terms of 
high water-table and jircscncc of salts in the soil. He sug- 
gested the designing of a new system of agriculture to suit 
these conditions. Tlii.s would be a combined system of irriga- 
tion and drainage and crops that would be most suitable to 
grow with the water .supply available. 

Experiments carried out in waterlogged areas showed that 
if the water-table was kept in motion by digging drains it was 
possible to grow normal crops of sugarcane without the help of 
irrigation. 

He was surprised to hear from Mr. liege that sugarcane 
required as much a-s 95" of iiTi,g.ition in addition to a rainfall 
of approximatelv 18". 

IJr Rege explained that the total quantity of 05 inches 
iiieliided the rainfall of 17 to IS inches. 


Rao Bahadur Yisminath fnid tliitl the question could he 
cMiisidercd from two points of view, i.c., (1) Dut.vof water .and 
(2) water-requirements of crops. The attention of the depart- 
ments of agriculture lias mostly been turned towards diil.v out 
in course of tbc.se investigations several dilTiciiItic.s aro'c wliicii 
reipiircd a good deal of fiiiidaiiiental knowledge for pnoamv. 
In tbe Godavari Delta the duty of water drerea.'cd 
acreage of land under irrigation, but no iiifonimtmn "a" ■ 

able to show wbicli wins more profitable wbetber ^ . 

irri'\'ition wifli smaller quantitv or ren larp- . 

es miinlKT of irrigations. This would probablv tary with 
the imtiire of tbe .soil If the .soils were Idgbl.v «> or a ka- 
line growing particularly a cereal crop it would !<■ 
to iIoii"c tliM irrigation as it were not to 
down To tbe roots and injure the crop. Pul when I be s.alls 
bad unforlunatelv gone down on neeoiinl of the rainfaU or ex- 
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cc^sivc irrigntion it ■\va‘? to l>c adjiifsted l>y way of smaller irri- 
gation to sujiply moisture to the surface roots. Again there 
wa^i no information availahlc on the minimum concentration of 
water ncce.^sary in a given soil for the optimum (lo\elopmcnt 
of plant growth. Dr. Leather’s experiments about 25 ycnr.s 
ago. had shown that in a loamy .‘= 01 ! the minimum concentration 
oi' ten per cent, moisture was enough to bring the crop to proper 
dc\el(t])ment and maturity whereas on the other hand in a stilT 
black soil twcntN-fivc to thirty pel cent, of moisture was re- 
quired to produce anything hut a meagre growth. It seemed 
to him that even within iwonty-fivc years past between Dr. 
l.eallier and the other workers from the .ccicntifie point of view 
they had not gone a stage further in elucidating some of those 
funrlamental problems. The first problem to which he drew' 
nitenlion was to know whether the movement of water throngli 
llic Soil per unit of lime was governed bv the concentration, 
thw* physical properties of water and the temperature condi- 
tions obtaining, and whether it was possible, to devise a 
method by wliicli these could be accurately ascertained for any 
given soil. It would then be possible to find out the capacity 
of the soil to deliver water. Reference bad been made to pot 
culture experiments and finding of a transpiration ratio. He 
said that it was not at all safe to attach any importance what- 
soever to the figures that had been obtained by pot culture ex- 
periments for the purpose of determining water requirements 
of a particular crop Here again Dr Leather had 
definitely shown in his work tliat the mass of the soil bad a 
considerable influence on the transpiration ratio The smaller 
the loss, the greater the ratio Tor instfince. if two sizes of 
pots were used, the smaller sized pot would give a higher ivtio 
than the bigger sized pot He said that in fixing the water 
requirements of crops, pot culture w'ork was not at all a safe 
method At the same time, he did not wish to condemn the 
pot culture method because in the first instance as the plant- 
breeder Avent on producing new varieties of crops, it would be 
necessarv in the first instance to have a rough and re.ady 
method by which it could he knowm comparatively, what were 
the water requirements of these new productions. This could 
probably be done under controlled conditions in pot culture 
experiments with a view to eliminating tho'?e that appeared 
to be requiring large quantities of -water In regard to capil- 
laritv. it used to be thonjjht that capillary movement of water 
took place in the soil through even greater depths. This view 
■was held thirty years ago. Dr. Leather was again the first to 

u 
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point out that this view was not valid and subsequent ^vorkers 
particularly Dr. Keen in Rothamsted in 1919 and other 
^rorkers in America and elsewhere had shown that capillaiy 
movement of water for purposes of feeding the crop took place 
only through a range of very limited depth. That view 1-nd 
now been accepted. On this basis several experiments in 
which soil moisture and plant nutrition were concerned were 
explained but there was again one difficulty which from his 
exjierience had come prominently to notice. If after heavy 
rainfall a period of drought occurred the next iriinfall even 
though it was much below the normal pulled up the crop and 
brought it on to maturity It was not known whether in 
period of drought moisture movement from lower layer? was 
not big enough to support the cn>p-growth when smaller quan- 
tities of rainfall occurred in the next year. This point re- 
quired to be looked into. 

.Ifr, Jenkins said that his ONporicnoe related to jrric’ated 
agriculture, verv largely in Smd. Referring to the nTatter 
raised by ^fr. Richardson, he sanl that it Tr.ns of primary ira- 
jiorfanco that there should !>e the closest cooperation between 
Irrigation and the Agricultural Officers in the study of prac- 
tical methods of application of irrigation. As an instance 
of the advantage of this co-operation, he ri'ferred first to canal 
closures. In Sind it was found that a closure .proposed to 
talte place sometime al>out Matvh would adversely afTcct either 
the American cotton or the wheat gwwvers. The Agricnltnral 
nepavtment’s eontrihntion towards the solution of this problem 
was the introduction of an early maturing ^'arioty of wheat 
and the earlv sowing of wheat hy the preservation of p(nl mois- 
ture, hv mechanienl methods to enable wheat to K' so^vn in 
Oefobor, fc that a March oh^tiu' di»l not affect the crop. 

Again (here wn-* the question of fn'Kt. One jemedy nr 
palliative again'’! fmst-att.ack was the ,'qq>licaiion of light 
irrigations to tlie field.^ when dam.age -was apprehended. 
Tbc Irrigation department i>»>uld a'«<;isi a great de.al in thi^ 
direction hv allowitig water at the pnmer time nhieh world 
at least nnhuv the extent of fnv^st-damnge ooiisider.'ibly. 
\nother illustration of the advantage of such co-operation was 
seen in the Karachi di'^triet whore it was found that the rice 
.snO'eriuiT txmsiderahl i lack of water. This 
due lt> the ofT-t.a'* 'opi !■ The 

Department, in < ‘ ’ ultv, 

nriety of riee nh 


crop n'us now* 
was said to 
Agrieiiltural 1 

iiUroduved n v 
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shorter period and -which could be grown on the reduced water 
supply, which was available after the Barrage commenced. 
In such ways one could illustrate very satisfactorily the abso- 
lute inter-dependence of the Irrigation and Agricultural De- 
partments. In Sind, they were dealing with cultivators who 
were used to inundation conditions Since perennial irriga- 
tion had been introduced, there was a very great tendency to 
utilise much more water than was really necessary Warnings 
has been issued that this -would result in lower outturn of crops 
and permanent damage to the soil. They were also concentrat- 
ing their attention in getting the most cultivation cut cf a 
cusec of water and not out of an acre of land. He drew atten- 
tion to the necessity of any future work on water requirements 
of crops being done in the closest contact with actual field 
conditions. 

He said that he had seen with admiration the work of Dr. 
MacKenzie Taylor on hydrodynamics and technical engineer- 
ing matters and the extent to which they had affected actual 
irrigation practice. He thought that that type of research 
must essentially be carried out by engineers and that the fullest 
facilities should be given to agricultural officers to enable them 
to understand them fully. On the other side was the question 
of irrigation research connected with purely agricultural sub- 
jects such as mentioned by Dr. Rege Such work should be 
done by agricultural officers with a definite practical loiow- 
ledge of irriganion, who should be chosen not entirely on the 
basis of their scientific ability in the laborntorv but with refer- 
ence to their practical experience in the field as well if the 
results of such irrigation research were in future to be brought 
into closer contact with practical problems of irrigation farm- 
ing. In order to emphasise his point, he moved the following 
resolution : — 

“The Board desires to draw attention to the necessity for 
increased scientific research on the relations between soils, 
water and growing crops and on allied problems connected 
with irrigated agriculture in India. It emphasises the 
importance of such investigations being conducted by officers 
of the Agricultural Departments, with practical experience 
of crop production under irrigated conations, and recom- 
mends that this policy be followed if and when a Central 
Irrigation Institute, as recommended by Sir John Russell, is 
established.*' 

n g 
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• Mr. Roberts, m seconding the resolution, cndoreed veir 
hertl'tily the opinion expressed by Mr, Richardson cmi supple- 
niented by Sir. Jenkins, thnt for real progress, the very closest 
co-operation between agi-iciiltiira! workers and irrigation cfli- 
cers was essential. The practical proof of this r.ecessitv was 
to be seen in the fact that three Chief Engineers of the Punjab 
in .spite of their heavy engtigenients had been regularlv nttend- 
ing the meetings of this Board. He drew attention to the 
point that was emphasised by Hr. Bigsbv and touched on by 
Hr. Jenkins that we should aim at .studying ihe problem, as 
f.ar as the canal water was concerned from the point of view 
of getting the greatest use of the ciisec. r.e . spreading a cusec 
of water on the largest po.ssible area He drew attention to 
one aspect of that question which might lie misleading. Here 
in the Punjab they had their area divided into .squares of 
twenty-five acres. Each .square wa.s supposed to get the same 
amount of water. Xow a poor soil may yield one nundred 
niaiinds of wheat in the roi/ season, whereas ivitb the same 
amount of water good kind may vield 201) maiinds while paj- 
iiig the same irrigation duty He therefore emphasised that 
efi'oi’ts should he concentrated on getting the best possible 
results in yield per easer. It was not really a question of the 
area on which to spread the water as nuich as the amount of 
the produce that could be got per cusec. 

Ron Sahib Thatiani fully endorsed the resolution and said 
that in Sind they were doing their best to utilise one cusec of 
water on as much an area ns possible and were carrying on 
propaganda amongst cultivators to divide their land into 
suitable plots and make the best use of water .supplied. 

Mr Richards said that their department felt that they 
should definitely get down to tlie question of the practical 
distribution of water to the best advantage so as to make the 
available supply beneficial to a larger number of people rather 
than to °et a maximum amount of advantage to a small num- 
ber Tfiev were not in a position to be able to .say in respect 
of anv tract as to what was the most profitable distribution 
and would not he able to do so from any experiments conducted 
on the Government farms.—They found from the investiga- 
tion.s carried out particiilarlv on sugarcane and rice that they 
not very different results from areas which were not very wide 
apart Thsv had therefore quite a lot of work which would 
have to be done practically in the field and for thi.s it would 
1,» cs'cntial, if thev W'ere ever to get at a solution of those 
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|UYi))]oin‘:. t!inl llio fichl Ftn(T of tlic two department*; work 
tnijetlicr. oli^crve togctlier. reeord loijctlicr nnd the results of 
their nhcorvfilion« he kept in view coer n loiu^ period of \car« 
and correlnted He lioped thr.t n*; a ic'^ult o! jhi>; in tlie end 
ti’fv slinnhl he nhle to cvteinl the Jictunl nren whicli could he 
irriizated in nnv nvern^e \e.ir with ])iccenl nuiilnhlc water 
?u|.])lie; xerv ronsiderahlv to the henefit of ever\!)ody. I'urther 
he ‘■•aid that it wa* not n matter wliieh eouh! he done >n cue 
\cnr or even five years hnt n real solid hejiinninr: should he 
'made iinniedintelv with !>oth the research nnd field staff in 
order to nehie\o the desired nhject 

Dr. ('rnv'thrr descrihed Ins e\peiiences m Kgypl nnd the 
Sudan regarding water requirements and the sj/es of plots, 
lie said tlint he had no idea what was the water requirement 
in inches for crops in HtrA'pl and the ’^udan and suggested that 
jmi cultures (Yiuld l>e of little help in (Iceiiling water require* 
ments of field crojis wlierc leaching nnd surface evaporation 
\\ere important. The sire of plot for irrigation of cotton in 
Egypt wa-s usnnlly nb'int 100 sq. yards, for wheat it was half 
that for ixilton and for maire half that for wheat, maize being 
cvc-ccdingly sensitive to waterlogging. Tlic more permeable 
the soil tile smaller must he the units for irrigation ns the risk 
of waterlogging increases 

Dr. Bums said that the discussion liad been extrcmelv 
useful and while it liad net gone deeply into technical details 
it had certainly licen extraordinarily useful as it Imd dealt so 
cfTectively with principles lie was certain tliat it would result 
in very much closer co-operation between the Irrigation and 
the Agricultural Departments in tlic work tliat thev were going 
to do in the future. It was extrcmelv interesting and he was ' 
sure gratifving to the Irngnticn authorities to notice how 
largelv the idea of making a cusec of water go ns far as possible 
had been dominating tiic work of the Agricultural DepnrtJnent^ 
particularly in Sind 

He then put the rrsohition to vote winch \7.\s rarri^ff un- 
animously. 

Subject VI. — A Review of work done on crop protection — an 
appreciation of the present position, with suggestions 
for the future • 

(a) With reference to protection from wild animals. 

Mr. Jenkins, in introducing the subject, said that it was 
not a new one to the Board of Agriculture as it was discussed 
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M considerable detail both in 1025 and in 1929. However, i 
the Bombay Province the nrild pig still continued to cans 
niuch damage to the crops and he doubted if the estimate 
damage of Hs, seventy laths to the cultivator bv the ravage 
of this destructive animal had been greatlv reduced. Thi: 
prohiem had been discussed at the Bombay Provincial Boari 
of -Ignciiltnre in 192J. .-is a result, a coinmitlee wa 
apjioiiitcd to consider methods of clicelcing the dama<-e Thi 
main recommendations of this Committee were given in tin 
note placed before the memhers of the Board These recom- 
mendations were considered by the Board of Agriculture ir 
192a. Since 1929, experience of gun chibs. c,speciaHv in 
forest areas or in agricnltnral areas contiguous to the large 
forest tracts of the Nonthern Division of the Boiiihav Province 
had shown tliat this method of dealing with the pe.st held out 
more prospects of .sticccssfiii results' at an economical co.st 
than any other. The cost of a gnn-clnb must vary according 
to its mcmhersliin and the area it had to protect, but an 
average of Rs. fiOO might he taken ner vear Tlie wild pig 
was estimated to consume -'4'- worth of ngriciillnral produce 
per day. In addition watching the rroiis liv iiiglit had a dele- 
terious effect on the cultivator in malarial di.slrirl.s In many 
jiarts of the Bonilmv Province the damage bv nig had re.tclicd 
such an extent that it ruled oat anv po.ssibilitv of growing 


leguminous crops after paddy It was ohvinii.s that siieli small 
o.xpenditiire on an insnranee of this tvpe was not an exee.«ive 
preminin to nay. He had visited several of the.'e eliibs and, 
apart from the records of pigs killed, it was notable that in 
iiianv area.s in wliioli the gim-eliibs were working, the cultiva- 
tion of legiiniinmis crops had again remmenred. The rules for 
the organisation and working of giin-rliibs in imigle tracts 
r -\iiiiendix A of his note f.-Vppendix IX, AH were worth con- 
sideration for adoplicii in other tmrts of India where this 
pest was a serious troiihle to niitivntion. He suggested that 
in areas where llii.s trouble was reported to he senmis tlie 
Porcst and the Revenue Deparlnienls should l>e approarlieil 
for tile issue of licenres for guns to ho;m fidr cultivators on a 
miiL'b larger scale. The .VrVgof was another animal which was 
c.ausiii'’ considerable damage to enltivntioii in ninny pans of 
tiie Bninbav Province. In spile of llii.s, there wa.s great 
rehictamv bn the p.arl of the Revenue Department and Direst 
Dei'arfiiieiit to rnore.asc.siieh facilities to resnonsihle cultivators 
to piotoct their crons. In the pa.st the militnrv had licen used 
for destroving wild animal- in rerlain are.as. He suggested 
that such work could lie inroriioraled in the nmiual training 


119 


of armed police but he had not yet consulted the Inspector- 
General of Police with regard to the feasibility' of this 
suggestion. 

Protection of crops by fencing was of limited application. 
Not only was the cost of fencing high, but it was difficult to 
ensure the co-operation of cultivators whose lands one wished 
to protect. Legislation had been enacted by which the co- 
operation of cultivators could be enforced, provided a certain 
number agreed to co-operate in a scheme of this sort. But 
until the cost of fencing was cheapened, this form of protection 
could not be successful except in limited areas where very 
valuable irrigated crops were grown 

At a previous meeting of the Board, the appointment of 
a special officer to studv the Hfe-historv of wild animals with 
a view to devising more effective control measures was recom- 
mended. This should be given effect to ns soon as possible. 
As an alternative, he would suggest that a circular might be 
sent round to the Forest Department that Forest Officers 
touring through jungles might make observations with regard 
to the habits of wild animals destructive to crons which could 
be collected and considered with a view to undertaking more 
cfTcctive measures for their destruction. 

Finally, he suggested experiments in the trapping of wild 
pigs and nilgais on the lines suggested in his note with modi- 
fications suitable to local conditions. He added that such work 
would well repay its co«t and would he a useful check on the 
extension of damage done. 

Jackals were injurious raiders of sugarcane crop and could 
be dealt with by poison baits under careful supervision. 
Poison baits had proved eflectivc in many parts of the Bombay 
Presidency. 

A few small areas were damaged by elephants. These 
should be left to be dealt with by profe’s.sional s/ii/:aHs 

Rats and crabs also dainagetl largely rice crops The De- 
partment had devised metliods for dealing with rats by fumi- 
gation of their burrows with hydro-cyanic ga.s and 'similar 
measures, but they did not seem to ha\e caught on. Gen-om- 
ment liad sanctioned rewanls for the destruction of rats. Tlie 
question elcmnnded serious consideration He did not think 
much had l»ecn done on the lines suggested bv the previous 
Boartls. Apart from the development of gu'n-clubs in the 
Bombay Presidency he did not know of any otlier steps which 
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had been taken with any degree of effectiveness towards check- 
ing the damage to crops by wild animals. 


Mr. Allan saiA that nilgai was the chief cause of damage 
in iiaroda The position was that the Baroda people chased 
nilgai to the iombuj* Presidency and the Bombay Presidency 
people chased them back to the Baroda territory. In Baroda 
people treated nilgai as something related to the cow. It was 
impossible to kill nilgai by gim-clubs. Although rvots desired 
that nilgai should be destroyed, yet any ofi'er suggested to them 
by which nilgai could be destroyed skmed contrary to their 
reiigicus ideas. He suggested, 'that the Police might be used 
for the destruction of nilgai. 


Dr. Burn.^ cited an effective shoot of nilgai in the Nndwil 
district where the damage had been so bad that the eultivator.s 
made no objection to the killing of the nilgai. 

Mr. Wynne Saijer said that starting of giin-ehibs as advoca- 
ted by Mr. Jenkins did not appe.a) to him an effective remedy. 
Even if the villagers killed pigs at the rate of one pig per man 
per year it was doubtful if they could finish all the animals. 
Fencing was not economic and he did not see any possibility 
of fencing nil the lands adjoining the forests. 


Khan Bahadur fateh-ud-Din said that the Nilgai and the 
monkeys were a serious trouble in the Punjab, but the diffi- 
culty in combating with them was that they were considered 
sacred by the Hindus. Rats were another serious trouble in 
the Punjab and did considerable daniace Tlicy bad conducted 
some campaigns on very extensive scale in sonic eases covering 
an area of about I.SflO'aercs at a time, Imt it was found that 
it was not quite effective and cheap Tlie peasant was not 
prepared to spend nor the Government. He suggested that 
in places where such trouble was sericiis a special ta.x sliauld 
be levied on those people to arrange such compaigns. 

Mr. Fotrdar (Kashmir) said that rats were their serious 
ti-oiible in the saffron fieids in Kashmir. They had tried 
several methods for their control such ns calcium cyanide, 
SHltdim- and poisonous baits, ami drenebing live boles with, 
wafer hut the cultivator did net like Ibeir metlmds. They 
onlv used tbeir old method, rh.. of putting some dry eowdiing 
in an earthen vessel with a bole on one side and setting fire 
to it Tbev blew- with their mouth and sometimes with bellnw.s 
into the holes and hr this inclliod they were able to make nee 
rat come out in fifteen minutes bv the smoke. For this opera- 
tion (hey spent the major jmrtion of their day during the 
reason and thus saved their m.-tlv crop of saffron. 
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SnrdnT Ilnrchnnd .StnoA (Pntinin) Mul thnl tlipy jit I’ntial.i 
lin<l a very siin]»lc apparalu** co^tinj: alKnit one rupee, 

for ovtenninatinp rnt«. Tin** \va«. fntind lo Ik* ver\ useful 
and liad Ixvn favmrnldy rommendod liy llie Haird of Aurictd- 
ttm' in 11*20 ai rti^a Thi*- cn o'ltd'itirm in tlir l.ahorc 
I-Altiltilion. In repnrtl to tarkal« tliey hat! poj n vnrielv of 
tltirk rlto'vinp canc« in tlie Patiala State wlncli \va«5 the 
favourite of jnckn]«. They had devi‘.ed a «5inij)le method of 
protection hy wrappim: the lento*; of plants around them 
tvhich they reooinmended to the cultivator** ro-;iiui; alx'mt I?*;. 5 
per aero. 

Dr. Ihirji^ differed from the view-jmint of Mr W. Saver 
that the control inen‘;nro« for wild pipt eon!<l not he made 
cfTective. The local effect of a inin-cluh wac immense Tie 
Flronply Fuppe«ted orpaui^ation of pun-clnlK wliieh could Ik* 
run at a veiy ehenti co'^t. e n . onlv !>v the supply of cartridpes 
and pun's In thi*! the co-operation l>otli of fore«t and the 
police ofHeinl's wn*; e^ential in order to Ik* sure that they were 
prepared to l>le«« tlie«e lii'on'ses and al'so for shootinp in re* 
Fcrved iunp1e« at certain tiine« The (K>.oporntion of sporsmen 
in the nciphlKiurhood shculd n!«o he enlisted Tie could «av 
from cNPcrience lliai the effect of cun*cluh« in the neiphlvuir* 
hood of Poona was marked A« far a< the Pomhav Presidency 
was concerned, the pun-clnhs were euecessful There was 
cnouph local enthusiasm and all that wa« wanted was erpnnisa- 
tion and control from alvove Dealinp with the control of 
other pests surh as rats, etc it was a matter of local arraupe* 
ments dependinp on tlioir ceveritv 

Subject VT. — A Review of work done on crop protection — an 
appreciation of the present position, with suggestions 
for the future. 

(b) With reference to protection from insects. 

Dr. II. S. Prnthi in introducing his paper on plant pro- 
tection from insect pests said as follows • — 

“When I drew up mv note (Appendix IX. C) on the sub- 
ject of protection of crops against insect pests, I was under 
the impression that the whole of one after-noon would be 
devoted to the discussion of this important subiect. and there- 
fore attempted to review our knowledge of nil the important 
pests individuallv. Now that not even one liour falls to the 
share of this subiect. I cannot deal with various pests indi-' 
viduallv Therefore. I will onlv hrieflv describe the general 
principles of insect control and indicate to what extent these 
principles are being applied in India 
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Amount of damage. — ^Insects do considerable dainafe to 
crops, stored grains and other plant products. The actual 
amount of loss caused by insect pests has been worked out in 
seyeral cases. About two years ago, when the Imperial Agri- 
cultural Research Institute was still at Pusa, we carried out 
a study to assess the damage done by borers to sugarcane. 
Data was collected and analysed statistically. It was noticed 
that the canes infested by the borers (8-10 per cent.) weighed 
about five per cent. less than the healthy canes and moreover 
their sucrose content was lower by about three per cent. 
(13'07 against 16'21 and their purity was also about four or 
five per cent, less than that of the healthy canes. .Richards 
workin? at Muzaffarnagar reports that the top-borer of sugar- 
cane with an average infestation of about twenty-five per cent, 
in a standard variety like Co. 312 suffers a loss of 123 maunds 
per acre. Haldane has recentiv estimated the loss caused by 
cane borers. Re examined and analysed canes received by 
ten factories in the United Provinces and Bihar and found 
that the infested (17-57 per cent.) canes weighed about four 
per cent, less and yielded one per cent, less sugar than the 
healthy ones He estimated the cash value of this loss at 
Es. 17. .50. 000 in one season. 


Deshpande working on cotton bollworms in the Bombay 
Presidency reported that the crops protected against the in- 
festation yielded fifteen, fifty-four and eighty per cent, more 
Ka/’fis in three years respectively. The estimated yield of cotton 
in 1933-3t (Statistical Al)str.ict.s) was 04,02,000 bales. Taking 
even the lowest estimate of fifteen per cent, reported by Desh- 
pande to represent the average loss, the total amount of cotton 
destroyed by bollworms works out to be 9.t lacs of bales per 
annum. In view of the figures now quoted, if we now consider 
that on an average about ten per cent, of crop-yields are 
destroyed by insects, I think we will not ho exaggerating the 
e.stimates. If this estimate of damage is accepted nnfl.tbe 
cash value of Indian crop.s i.s alioiit 1,000 crores of rupees as 
.stated hv Dr. 'Wrieht in his renort, the total loss caused by 
ins«cts to Indian agriculture works out at Ks. 100 crores per 
annum This estimate sounds too big to he believed but ns t 
have exniniucd is based on miblished figures. 

The most important object of agricultural research is to 
increase the yield of crops. But it appears that in India 
adequate measures are not being taken to conserve the yield 
at'ainst the ravages of insects for about half of the Provinces 
and eighty per cent, of States have not yet got entomologists 
or mycologists. 
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To try to produce more and at the same time not preserve 
what one has already got is obviously not sound economics. 

The various methods used for controlling insect pests can 
be grouped into five or six categories, namely, — 

1. Preventing foreign pests from entering the country. 

2 Use of resistant varieties. 

3. Increasing the resistance of plants by artificial means 

— such as manuring, etc. 

4, ^lodifications in cultural practices — such as early or 

late sowing and harvesting to dodge the pests and 
growing early and late maturing varieties 

5 Biological methods of controlling insect pests. 

6. Directly killing the pests with insecticides and fumi- 
gants or by physical and mechanical means, such 
as bagging, trapping hand-picking, etc. 

I . — Prettnting foreign 'pests from entering the country. 

The saying “prevention is better than cure” is very true 
in the case of insect pests. 

It is common experience that pests often do more harm in 
a new country into which thev enter than in that from which 
thev have come. With quick means of transport it is very 
difficult to prevent foreign pests from entering a new country. 
It need hardly be pointed out that it is far more economical to 
Keep out foreign pests if it is possible or deal with them soon 
after their entry than to wait till thev have spread into the 
country. 

An instance of a bad pest which has come into India during 
the last twenty-five years is the San Jose Scale. The amount 
of damage this pest is doing in North India is well known. 
It is seriously suspected that it came into this country from 
Afghanistan. Under the Insect Pests Act of 1914 we have 
powers to disinfect all plant material when it is imported into 
India by sea, but at present we have no powers to regulate the 
imports entering this countn* by land routes. The motor 
traffic has increased the danger of importing foreign pests by 
land. In old days, especially across the frontiers of India, the 
jonnieys u«ed to take verv long and many pe«:ts died out en route. 
Another foreign pest wluVh is rapidly becoming prominent is 
iha Wooly Aphis or the American' Blight. " It is already 
serious in tlie United Provinces Punjab and Kashmir. 



124 


There is another notorious foreign pest which attracted our 
attention only a few years ago. A member of my staff, while 
touring in Baluchistan in 1933-34, observed that apples in 
several gardens in that Province were being damaged by a pest 
similar to Codling Moth. The specimen were carefully 
examined at Pusa and were found to be those of the real Codling 
Moth. The attention of the Imperial Council of Agricultural 
Research was drawn to these facts. The Council gave me the 
assistance of a small staff to survey all the fruit-growing tracts 
of Baluchistan with a view to ascertaining the exact distri- 
bution and status of this pest. The suiwev has been recently 
completed and I am in a position to state that the pest is 
already fully established in certain parts cf Baluchistan where 
more than seventy per cent of the fruit gets destroyed by this 
pest. I will ask your permission to describe some features of 
the liiology of this pest as the account will clearly indicate the 
weak points in our defensive measures asninst the entry of 
foreign pests into India 

■ Dr. Prufhi described the life-historv and method of damage 
of Codling Moth, which he illustrated with a plate in colour. 
He continued as follows • — 

“you will be concerned to know that the Pest is also 
present in the North-West Frontier Province.”. 

The habits of the pest are such tlmt it can spread from 
one part to another chiefly through the infested fruit. Sus- 
pecting that Codling Moth probably entered and is entering 
India from Afglianistan, I had some baskets of fruit coining 
from Kandahar, purchased and examined at Chaman by my 
staff. Several apples in the baskets showed Codling Moth 
damage. 

The account of Codling Moth clearly shows that we must 
streno-then our defence against the entry of foreign pests into 
India in two wavs— (a) The possibility of taking quarantine 
measures at the land frontiers, as is being done at sea ports, 
should be seriously considered. — (b) You are all aware that at 
present fniit ancrvegetables are exempt from the operation of 
the Pest Act. As there arc several other pests, e.g., fruit 
flics, scale in.'jccts. phytophagous chnlcids which ^ can spread 
while carried inside or on the surface of the fruit and vegc- 
tal>les. we should con.sidcr the question of at least demanding 
e'ertifiente of health from the exporters in the foreign countries, 
as is being done in the cases of other plant material. ^ Since 
ibl-i when the Pest Act was prcmulsatod and fruits and 
vegetables were exempted from its operation, conditions of 



125 


trnn«]»ort have* nndortrono coii'JidoinMp clianj;c‘= At that time 
tran‘>port wns verv flow nnd nio«i of tlic carco shi])*; bad no 
icfriireratinn equipment: therefere even if lliere were «nmc 
insects on fruit, etc., at the bciinnin" of the journev ibev in 
mo't caecs completed their development and left the fniit 
eu rov.tr. 

In tbif connection voti will be interested to know that 
almost .all the important countries of the world have rc.stric- 
tions against the promiscuous iniporl of fruits and ^cgetnbles. 

Before describing the various nicthod.s of controlling pests 
wbich already exist in the country. I want to emphasise the 
importance of a close study of the pest in all stages of its deve* 
Icpment in order to decide as to which method should he 
attempted in the particular c.asc. This preliminnrv study of 
the identity and luoloity of the pest is cf the utmost importance, 
for it is this study which reveals \ailncrahle points in the life 
of the pest at which it can h" attacked with advantage I 
have thought it desirable to emphasise this point as Sir John 
HusseU’s Report is liable tc convev the impression to non- 
entomological workers that the study of life-histories of pests 
is not of much importance. Owing to the efforts of the Bnto- 
niclogical Section at Puea and in 'omc of the Provinces, we 
at present possess such knowledge about most of the serious 
pests of our countrv Of the important pe.st.s which still need 
(7\Tn preliminary and fundamental work of this kind, white- 
ants come to one’s mind first The complete life-or season.*!] 
history* of not a «inde species of white-nnts has vet been worked 
out in this countrv 

2. V.^e of Refiistnnt VaTietief^ 

The fact that some varieties of crops are resistant to the 
insect attack ha*? been established for some time. The use 
of a resistant variety possesses the obvious advantage that it 
dispenses with the need for other protective measures. Hence 
this method, if successful, is most economical. 

A number of v.arieties have been studied from this view- 
point in several parts of India The Uppam cotton in Madras 
and the Broach cotton in Burma have been reported to be 
resistant to the attack of Boll worms Dr.n cottons are most 
resistant to Jassid attack than American varieties. The 
Coimbatore varieties 312 and 411 of sucarcane in the United 
Province*? PHO 313 331 at Pu«-a and CO 2R5 in the Puniab 
have been found to be more resistant to borer attack than 
others. CO 205 and 285 having narrow and hard leaves havp 
been reported to he resistant to Pyrilla attack in the South- 
Eastern districts of the Punjab. 
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From the list of resistant varieties ivhich I liave just non- 
given it will be noticed that the anti-insect resistance of the 
various varieties is not the same in all parts of the country. 
Every Province has to try and find out which varieties are more 
resistant than others in that area This is natural as the 
behaviour of various varieties including anti-insect resistance 
is very much dependent on local conditions. 

In this connection I must point out that the so-called 
resistant varieties are only resistant when they are grown near 
other varieties which are more preferred by the pests. It is 
very likely that when the so-called resistant varieties are only 
available they might be attacked by pests as voraciouslv as the 
susceptible varieties are done at present. I bus the’ use of 
resistant varieties is not a permanent method of control. It 
affords a measure of protection for a short time only and there- 
fore the selection of resistant varieties has to be continued 
always. 

The real basis of work for the evolution of resistant 
varieties is the studv of the factors which confer resistance. 
This work is of fundamental importance and has not received 
much attention in India The work on the Hession fly in the 
IT. S. A. has shoTm that the attack on wheat varieties b.v this 
pe'st varied with the ash-content or the presence of silica. 
Eesistance to Wooly Aphis has been associated with the pre- 
sence of a hard tissue in the xylem vessels which prevents the 
penetration of the mouth parts of the aphid. In this way 
several other characters, e.g.. thick reins, hairs, etc., have been 
found to be responsible for'confering resistance against various 
pests. 

After determining the real cause of resistance the Entomo- 
logist has to seek the co-operation of the plant-breeder tor 
evolving resistant varieties. 

A question closely akin to the utilisation of resistant varie- 
tie^ is the increasing of plant resistance by artificial means 
such as mannrial and other treatments. ^ The classic wh Jt 
Andrews in Assam on the tea mosquito is well Imown. The 
resistance in tea bushes was induced by giving them potash 
manure. Work done at Eothamsted has shown that potash 
and phosphates induce resistance, whereas nitrogenous manures 
bV causing more leafy and snecnlent growth makes the plant 
more attractive to insect pests.” 
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Biological methods of controlling Insect 'pests. 

In nature most insect pests have numerous enemies which 
include some other species of insects, bacteria, fungi, Protozoa, 
w’orms. fishes, and toads, birds and mammals. The}’ are 
generally called parasites and predators. The utilisation of 
such enemies for controlling insect pests is known as the 
biological method of control. This method has a tremendous 
popular appeal, for if successful it is the ideal and permanent 
method of control. But unfortunately this method is not so 
simple as it sounds and it requires a great deal of labour, 
ingenuity, patience and expenditure to evolve a successful 
parasite. 

The utilisation of parasites presents entirely different pro- 
blems. depending upon whether one is dealing with parasites 
already occurring in the country or those imported from 
abroad. The two problems involve somewhat different prin- 
ciples. The use of indigenous parasites is comparatively 
simpler and I will give some examples of parasites which 
already exist in the coimtr\’ and which may be tried against 
some of our pests, 

Pyrilla pest of sugarcane has two egg parasites in North 
India, namely Tetrastichous pyrillae and Coencyrtovs- 
pyritlae. Whereas the Pvrilla pest makes its appearance in 
the field in March or April the parasites are not evident 
before June. After this month there is steady increase in the 
number of parasites, till in November and December about 
eighty per cent, of the eccs of Pyrilla are parasatised in nature 
But unfortunately bv this time the post has already done good 
deal of damage, and therefore the parasites are not of much 
economic importance E-vidcntlv this account suggests that 
entomclojists should endeavour to help the parasite in its pro-, 
pagation early in the season bv breedin? them under optimum 
conditions in the Inboraton- and liberating them in thf* field 
so that initial population of the parasite in the field i« 
increased by artificial liberation 

This method of artificial rearing and liberation of indigen- 
ous parasites has been utilised with successful results in other 
countries. In California several Aphid pests and menh 
Bugs have been controlled by the local predators Ilippo'lamia 
convergen and Crvptolarmvs montrouzei. The predator 
Encarsia flavoscutdlus is being tried in Java against the- 
Wooly aphid of sugarcane with hopeful results. 
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under Indian conditions. People often apply doses prescribed 
for Europe or America. But as the to.icicity and penetrative 
power of chemicals and gases depend on the prevailing tem- 
perature and humidity, the ressult is that sometimes we use 
too much chemicals entailing some unnecessary waste and 
sometimes too little with the consequence that the pest con- 
cerned is not killed. Thus the importance of a careful study 
of various insecticides and fumigants under Indian condi- 
tions can hardly he emphasised 

Another line of work which is likelv to make the use of 
insecticides profitahle and popular in 'India is the prepar- 
ation of insecticides fiom indigenoii.s materials so that they 
may he availahle at cheap rates A beginning in tliis line has 
already been made at Bangalore and 'Dehra'Diin where the 
insecticidal value of the common fish poison plants is being 
investigated. Examples of other materials from which in- 
secticides can he prepared in India are tobacco, tars, crude 
oilSj etc. India grows and exports tobacco in large quan- 
tities, hut we are luiying nicotine sulphate, a very commonly 
used in.sccticido which is made from tobacco products, at 
about Rs. 3-8-0 a lb. 


jifr. Richards said that one matter which had not been 
touched upon and which he regarded as being of great import- 
ance in regard to quarantine was not only that of preventing 
insects coming into the country but of quarantining insects 
within tlie country. They had recently imported a most 
serious pc.st of fruit trcc.s. in the Codling Moth, and unless 
very energetic steps were taken nothing was going to prevent 
the moth from spreading to even- fruit-growing zone in 
India. It could only be prevented from spreading by ensur- 
ing that no infected material came out of the nfrcctcd zones. 
Tbev bad at present no cfTective quarantine restrictions of any 
rjirt cither bv tlic Imperial or by Ibe Local Coyernment wbirb 
could protect the unattacked 'areas from ibis very serious 
danger. Preventive steps sliniild tberefore be taken imme- 
diately. 

He wi-hed to dr'crilic three insl.anees of the siieecssrul 
eontrol of iiisecl.s for the information of the bolanir.al and 
.aorieultural rnemlsTs. Pyrill.a lays its eggs almost myannhly 
in tic latter part of !}io •••enson loo^e Irnf-Fhontli*^. It 

Csinnot n’l int<i tlif* m vhirh the Irnf h ticlit niul 

not easily ' trip away. Surh canes .are very much less allneked 
bv Pvrilla. That was a eharartcr which all oTieers who were 
dealiii" with the ichstion of sugarcanes could lery readily 
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note and which was an inherent character and could be readily 
built up in new canes which were being bred. 

Another instance was the work which had been done by 
Rai Bahadur R. L. Sethi and which had now developed to the 
stage of distribution of new varieties to the cultivators. It 
was the building up of a new strain of rice with a sheath-cover 
of the corn as protection against the rice insect — Leptocorha 
varicornis — popularly known as gundhi. 

The third was the prevention of coccids crawling up the 
mango trees by tying grease bands round the trunks. 

Mr. Richards said that individual effort would be of little 
xisc. It was neccssarj' to control pests like Pyrilla by means 
of an organised co-opcr.ativc cfTort over a wide area and not 
to confine action to ameliorating the condition of a particular 
field. The same remarks applied in the case of liorers A 
good deal of damage at MiizafTarnagar could have been pre- 
vented by tile removal of fro«h sliools, stnliblcs. fir.ct growth 
from ratoon cane and suckers from late seedling cane If that 
was done over a large area, a great deal of damage caii.«cd 
would have boon prevented. In all such campaigns it was 
essential to od'ncafc (he people who co operafed with (ho 
department and through them the cultivator and all other 
agencies who were interested in the welfare of the cultivator 
whether they be Irrigation Department, Revenue Department 
or honorary workers with the tei'linuine and the tnefho<!H 
As a result of the work done on the Pink Rollwnrm in thn 
United Province®, a Pe®t .Act was p.is'cd The Pink Boll 
wnrm in Vnrlli Tn(Ti** from otip so.T'noii to .nnolher in 
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Scale had been declared a pest. A considerable amount of 
annual spraying which during last year amounted to over five 
lakhs had been done with the help of the Government who 
supply free machinei-y and technical labour. He explained 
the restriction placed by this Act on imports, exports and 
quarantine of plants and suggested that similar Acts might 
be promulgated in other provinces and Indian States so that 
the whole problem could be solved in the right wav. 

The Chairman {Dr. W. Bums) pointed out that following 
up the spirit with which Sir Rrvce Burt had conducted pre- 
vious meetings, it would not be desirable to suggest adminis- 
trative action. He understood the Government of India were 
already considering the question of inter-provincial trafiBc 
in plants. He did not think it neccs.sarv to go beyond purely 
technical matters in this meeting. 

Rao Bahadur Viswanath said that the Imperial Entomolo- 
gist would like to know the opinion of the Board about the 
exclusion of fruits and vegetables from the quarantine restric- 
tions. Up to now fruits for consumption had no quarantine 
restrictions. 

Khan Bahadur Fatehuddin said that Hr. Pruthi had ,iust 
mentioned about the seriousness of San Jose Scale in the 
Punjab. A few years ago. this Scale was so bad that the 
fruit growers in Kulu and the Simla hills were thinking of 
cuttin"' dovm their orchards, but now the pest was under con- 
trol " Spraying had proved effective. If there was no Act, 
some people 'would not do spraying. 


Dr. Burns said that in a case of minorities like that, com- 
pulsion was necessary. Mr. Fotedar said that spraying was 
compulsory in Kashmir. 

Mr. Richards said that the question of fruit quarantine 
•was a thorny question which all Governments would avoid if 
thev "possibly could. So far quarantine had not been insist- 
ed upon by any Government. Where a particular pest was 
exnected to be 'imported-in a particular fruit or vegetable, as 
in the case of potatoes, the application of the Act was neces- 
sary It would be a matter under the rules for deciding 
whether a particular place was to be allowed to be admitted 
or not It would be impossible to place a general embargo 


•on fruit. 

The Chairman said that in any alteration of the Act, it 
should be possible to get powers to place an embargo on a 
particular fruit or vegetable from a particular place. 
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Rao Bahadur Vinvanath ?ai(l thnl fruits or vo"ctnhlps 
they would be obviously be part of llic quarantine regulations. 
Since fruits for consumption did come in. it would be govern- 
ed by quarantine rules pist as certificates were required in 
the case of potatoes. 

Sahib Thadani said that Sind was exporting apricots 
to Hgj’P^ authorities required certificate of 

immunity from diseases. If some such provision for an em- 
bargo could be made in the Act it would be helpful. 

Dr. Burna said that administrative difTicultics were enor- 
mous. If Liverpool could take up bananas, they would not 
like to be bothered with certificates. It was a thorny ques- 
tion. Ho enquired if Hr. Pruthi thought that there was any 
danger of the Codling Moth coming with fruits from 
Afghanistan and spreading in various parts of India. 

Dr. 'Pruthi replied in the alfirmativc and said that Codl- 
ing Moth has been studied only in Baluchistan, The next 
step was to study the potentialities of its development under 
dificrent conditions. It is found in the North-West fron- 
tier Province and the Kashmir, Kulu and the Kumaon lulls 
could be easily attacked by this pest, for the rest of India 
nothing could be said till the pest had been studied. 

Subject VI. — A Review of work done on crop protection — an 
appreciation of the present position, with suggestions for 
the future: 

(c) With reference to protection from fungi. 

Dr. Uppal, after a survey of the past history, of plant 
diseases and their control, dealt with the salient points in his 
note (Appendix IX, D) circulated to the Board He said 
fungus disease.s could be divided into two main groups— those 
of aerial parts and root diseases. The first could he con- 
trolled by fungicides either in the form of spray or dust The 
other group which was caused by soil-borne fungi was very 
difficult to control The most common sprays were elemen- 
tary sulphur, lime sulphur and copper sprays and he explained 
their relative merits. In Bombay they had found “Sulsol” 
a good spray. It could control not only ectoparasites but 
also endophytic parasites. So far no proprietary compound 
of copper had come up to Boredeaux mixture Sulphur dust 
had proved successful in Bombay as a fungicide and insecti- 
cide especially in the case of mango mildew and hoppers. 
Powderj' mildews of many other crops in Bombay were 
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similarly controlled. Mango hoppers could not be controlled 
by any very cheap method. Now they were employing 
sulphur dust. The cost of treatment by sulphur dust did not 
go beyond 0-15-0 per tree. The only possible method of con- 
trolling soil-borne diseases was by the development of resistant 
varieties. In Bombay work had been done on the develop- 
ment of a wilt-resistant variety of sann hemp which was a 
highly cross-fertilized crop. It was very difficult to multi- 
ply the seed of this crop. He had developed a technique by 
which seed could be multiplied. The method for the develop- 
ment of resistant varieties of crops had also been extensively 
developed as a result of their work on the production of wilt- 
resistant strains of cotton There had been much discussion 
as to whether what they were doing in Bombay was really 
worth while. This subject was discussed recently in a meet- 
ing of the Indian Central Cotton Committee where scientific 
workers in cotton were present and he had reported there this 
method of testing the resistance of varieties of cotton against 
wilt. Wilt in cotton was affected by two important factors. 
One was the degree of infestation of the soil by the pathogen 
and the other was the soil temperature. That meant that if 
a type of cotton which was susceptible was grown in a soil 
which was heavily contaminated and if it was subjected to 
adverse conditions of soil temperature, these plants showed 
temporary immunity resembling the inherited immunity of 
resistant plants at all temperatures. On the other hand, if 
susceptible types of cotton were grown in infected soil in a 
range of optimum temneratiire for the development of the 
fungus all plants wilted. This fact led them to develop the 
technique. It was sometimes argued that the field selection 
was just as good a method of selecting a strain and fixing it as 
pot culture. This viewpoint w.os Iwsed on a wrong assump- 
tion in the sense that the field selection could not give as accu- 
rate results It was reallv the environment wliich was deter- 
mining whether the disease would he roused in a particidar 
strain when grown in a particular set of conditions. The 
relation of environment to the development of fiisarium wilts 
in cotton and other crops is fundamental to the whole question 
of disease resistance since the term “Rc.sistancc” assiime.s 
different meanings when used with respect to a varying en- 
vironment. It follows that field seleoted strains must vary in 
their wilt reaction according to sea-'onal conditions and the 
det^rce of infestation of soil by the pathogen. The method 
wa^ not expensive or cumber-somc- In the last season be 
tested during the course of two months, fifty thousand plants. 



This was not possible tinder field conditions where it is diffi- 
•cult to control cnvironmentnl conditions. The main object 
of the pot cnllure molbo<l then was to have strains which iiad 
higher level of safely than strains which could be selected 
under field conditions. If wilt in cotton was due to quantita- 
tive characters, as was recently stated then theoretically it 
might not he possible at all to get a strain wdiich would be 
entirely immune under all conditions. Recently, however he 
got a strain in Kumpta cotton wdiich did not wilt under any 
•condition. It l>chavcd exactly like the sunn hemp strain 
Similarly a highly resistant strain of pigeon pea liad been 
produced although the highly wilt-resistant strain of pigeon 
pen developed under field conditions at Pusa sufTcred aliout 50 
per cent., mortality from wilt when it was tested in wilt sick 
soil at Arlihavi Farm. It was well known that resistance in 
cotton or in other plants to Fusariiim wilt diseases was in- 
herited and that the genetic basis of this inheritance might 
differ in different plants At least two distinct types of in- 
heritance have been recogni«ed in this group of plant diseases. 
'One was where the susceptible and resistant plant fell in two 
discontinuous classes and resistance might be due to a single 
immunity gene. This type of resistance could be readily 
fixed in a homozygous condition. In the otlier class it was 
not possible by repeated selection to fix the type and however, 
long this selection was continue<l. the ultimate plants showed 
a certain amount of susceptibility. l)ut it was known especially 
in case of cabliago yellows that these two tvj)es of inheritance 
could exist in the .same strain It was just likely that both 
the types of inheritance were al«o represented in cotton wilt 
as is the case in cabbage vcllows 

Antibiosis — Recent investigations had shown that there 
was potential promise for the future in the application of the 
principle of antibiosis under ordinary field conditions It 
was a common observation that some fungi growing in culture 
■show antagonistic or antibiotic efTect. This antagonistic 
action of fungi had a practical significance and it might ulti- 
mately be possible to devise a cropping scheme by which they 
could eliminate from the soils such a polvphagus fungus as 
Sclerotium rolfsii, which was common in all Indian soils and 
was difficult to eradicate. 

Seed treatment was another method of control and the most 
important disease that could be controlled by this was smut 
■disease. When the infection was carried on the seed, the 
Hatter is usually treated by a dust or liquid fungicide. In 
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Bombay Jowar smut was very common and they had been 
able to control it by sulphur dust. This method was very 
easy and preferable to either copper carbonate method or 
copper sulphate method. The treatment did not cost more 
than one pie per acre. Even if some of the treated seed was 
left over, it could be fed to cattle or converted into food. 

Soil treatment was another method by which diseases 
which were in the soil could be controlled. This method was 
not commonly practised in India, because it was usually prac- 
tised in commercial glasshouses Recently, they came across 
a very serious disease in Bombav called betel vine wilt caused 
by Phytojihthora parasitica This wilt suddenly made its 
appearance about ten years ago and caused several consider- 
able administrative difficulties The cultivators threatened 
not to pay tares luiless this disease was controlled. Fortun- 
ately thi,s disease had since been controlled by the ordinary 
application of Bordeaux mixture to the soil. The cost of the 
treatment in Bassein near Bombay came to about Rs one 
hundred per acre, but growers practised the treatment as the 
betel vine was very remunerative 

Eradication was another method of disease control. This 
had been practised on a large scale for the control of black rust 
of wheat in the United States. When this method was advocat- 
ed in U. S. A., there were two schools of thought one of which 
believed that it was not worth while to go in for such a large- 
expense in eradicating barberry which occurred in a wild 
state in the mid-western part of the United States. The 
United States Government voted money for that, and now al- 
tboimh the disease had not been completely controlled, the. 
losses from this black rust had been much reduced. 

One of the primary obligations of plant pathology was to. 
prevent the promiscuous interchange of very serious plant 
pathogens .from one country into another. This could be done- 
by quarantine. This pre-supposed a knowledge of the pai-a- 
sites and their hosts and their inter-relations. This know- 
iedgo could lie gained not only by tlie stiuly of the life- 
histories of para.sitic fungi but also by enn-ying out di.sease- 
s„rvc3-s. Unfortiinalcly, the value of disease surveys had not 
iiccn much appreciated in this country and Dr. Uppal strong- 
ly felt that time had come wlien this work should he taken up- 
by a Central organisation like the Imperial Agricultural Re- 
search In.“titutc, New Dcllii. As an in.stanco of the utility 
of a di.scasc survey. Dr. Uppal said that about ten years ago 
betel vine wilt or foot-rot appeared in the Central Provinces, 


137 


Kombny, Madras and Ilcngal. Nobody ever knc^v 
alKmt this disease until they were pcrionsly tip against this 
trouble. If there \Yere any disease survey, at least tlioy 
would have known what the position ultimately would be. 
They had got another very important disease in Homhav 
which was destroying the banana cultivation. It was now 
found in a village near Poona and they had got no restrictive 
measures hy wlii(“h they could stop the spread of this disease 
to other areas. They had no control over the transport or 
spread of this disease Certain growers and traders were 
opposed to the principle of plant quarantine. l>ecansc they 
tliought that this was inefieettve and was verv cumbersome and 
interfered with trade T)r Uppal said that it was high time 
that we safecuarded our agricultural indiistrv from foreign 
parasites E\en if a narasitc was not ver>' dangerous in it.s 
original habitat, it might flourish and do a considerable harm 
when introduced in other environments 

Thev had another disease called “Koleroga’ of betel nut in 
North Kanara. In past vears many growers did not practise 
control measures to the detriment of those who carried out 
these mcastires. It had now l)ccn realised that forceful per- 
suasion to get all tlie growers to sprav tlieir trees was tlie only 
way to gain tlie desired end. Thev were now organising 
the spraying campaign on a vast scale and the ultimate aim 
was to cover the whole area. At present thev had seven to 
eight thousand acres under this sprav 

Dr. Padwick was in entire agreement with all the points 
mentioned by Dr Uppal As Dr Up]>nl said, they had no 
disease survev at pre.sent in India and it was his sworn object 
before he left England two months ago and after a long dis- 
cussion -with Dr Ashbv, the Director of the Imperial Myco- 
logical Institute, at Kew, to attempt, on his arrival in India, 
to organise a plant diseases survey. Having reached India 
and talked to a number of plant pathologists he had realised 
first how difficult a task this would be and secondly how much 
its need was appreciated by the workers here It had also 
been suggested by several plant pathologists that something 
might be done to form some *:ort of a bureau of information 
for plant patholog>- centred at the Institute at Delhi and he 
intended to try to organise such a bureau First of all. he 
intended to circulate to plant pathologists throughout the 
country the intention of organising such a scheme and to re- 
quest them to make as much use as possible of the services 
available at the Institute. He felt that at the Institute they 
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should attempt two things in the sections with which he was 
/concerned, first the formation of such a bureau which would 
provide information on the statistics of plant diseases, would 
have possession of an adequate collection of specimens of plant 
diseases for comparative purposes, would have a first class 
collection of type cultures, so that it might bo unnecessary for 
Indian workers to keep sending abroad their specimens for 
comparison and identification, and finallv perhaps at a later 
date would have a system whereby thev could inform any plant 
disease worker in the country of the available literature on the 
suhicet with which he was working. How long it would take 
to get all these things going, he could not sav but ho said that 
they did intend to start immedi.alely with the survey work, 
Imt the exact mode of attack had not yet Iieen worked out. 

He thought also that a great dc.al of emphasis would in 
future have to be laid on plant pathology as opposed to myco- 
log}'. because they had had a great abundance of work here 
and in every other country which though very interesting in 
itself w,as confined to descriptions of fungi and division of 
fungi into .sub species, suh-suh-srecics and strains of sub- 
species and .so on and which in the end bad not solved any of 
the plant diseases For the research work he proposed that 
at Pelhi they should largelv restrict Ibcmselves to the study of 
■control of plant disease by cultural melbods. Ho thought 
this would lend itself well to a lv[)c of work which could be 
applied generally throughout the eountrv and yet would not 
be open to the accusation that they were invading other 
pco}ile’s fields. 

T)r. Choifdhuri said that they in the University had been 
working mostly on plant pathological subjects. Here in Ibis 
country as well as in other countries they found that the work 
in plant diseases caused by Cryplogamic parasites was not 
taken into account. The amount of loss c.’iused by Crypto- 
gamic parasites sometimes was not realised at all. In 
(Jermanv the loss due to all pests amounted to something like 
cHitv million pounds sterling of which over fifty million 
pminils sterling loss was caiisj-d by rryptogainic iilant parn- 
.sites alone. In India the plnnl.s when imported were siib- 
jected to some kind of treatment wbieb would stop the insect 
pest.s but not the plant pests. As an instance, ho .said that 
in llombav in the riistoms Department plant materials were 
fiimigaled with hvdrocynnic acid which would kill the in.socts 
but not the fungal [lests. A eou|ile of years ago he had sent a 
packet of plant material through the (ourlesy of Hr. Diinni- 
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t:HfI for fumigation. These plants were some citrus trees 
affected with citrus cankar and wither tip. After they had 
been fumigated with the usual method of hydrocyanic acid he 
made cultures from the fumigated material and found that 
there was absolutely no effect on parasites with the treatment 
of hydrocyanic acid. He suggested that there should be at 
every port a properly qualified plant pathologist who should 
test and carry on methods of IcilUng these plant parasites, 
plants coming fiVim countries %vhere certain disease was 
known must have certificates from that country showing that 
they were free from that disease. The other governments 
should not dump things here that would spoil our material. 
Every specimen coming by air or by ship must be checked and 
controlled. 

Regarding the Information Bureau, Dr. Chowdhuri said 
that it was a splendid idea. He added that he had a talk 
with Dr. Padwick and they considered that the Bureau should 
not only supply information on the statistics of plant diseases 
but should keep a stock of type cultures and specimens of 
plant diseases with literature on the subject. It was neces- 
sary to have these facilities at the centre so that whenever 
any worker found a new disease he would simply write to the 
Imperial Mycologist asking whether any work bad been done 
on that particular disease and if so to supply the relevant 
literature. He strongly supported Dr Padwick’s suggestion, 
and agreed with him that every dav tlicv found many diseases 
being reinvestigated, simply because there was no organiza- 
tion for preserving the standard cultures for comparison. 
This had many times resulted in one disease being described 
differently bv perhaps the same man This only burdened 
the literature with useles'; things and had therefore to be 
stopped. 

Rao Tlahadur Visu’nnnth welcomed the suggestion and wa.s 
glad to hear the opinion of plant pathologists in regard to the 
establishment of Information Bureau at the Imperial Agri- 
cultural Research Institute. New Delhi He strongly sup- 
ported the idea. 

The Chairman also supported the suggestion and a.ssured 
the Board that the views of the Board had been duly recorded. 
He then requested Professor L. S. S. Kumar to introduce his 
paper on subject (d) with reference to protection from para- 
sitic flowering plants. 
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Profc^-For Kumar said that in the note (Appendix IX, F) 
tiiat had I>een placed before the members of the Board, he Jmd 
brief!}' examined the position with reganl to the damage caus- 
ed to economic crops by parasitic flowering pjantvS. Although 
tliey were only few in number the damage caused by them was 
(juite serious. These parasitic flowering plant.s^ could be- 
broadly grouped into two classes : those whicli parasitise the 
aerial parts, e.g., Lorantluis and Cuscuta. and those which 
affect the root. The former usually afTeets large trees and 
hushes, shrubs and road-side hedges. Of tlie.se Loraiithiis 
was rather a serious parasite of mango. It also attacked a 
large number of other trees hut in certain parts of Bomhav' 
Prc.sidcncy it had been found that year after year the attack 
due to Loranthus was increasing, and it was gaining ground 
into mango plantations. Of the other class of ]mrasites. 
Strinn and Orohanchc were important. Both these attack 
important economic crops. Of these Sirinn had a good many 
numl>er of economic crops as its host. r.p.. jomnr. susarcanc, 
mni7o. rice, natchni, and Icodrn. Of all tlicse crons, it 
attacks jowar mo.st heavily, but in some nnrts of Tndin the- 
attack on sugarcane by ^triga is cnually heavy Tie there- 
fore considered tliat measures should he orcrani^ed for system- 
atically combating the increase of these parasites 

Further he said that in addition to the.se cultivated crops 
whicli act a.s hosts in the case of Striun there wa.s a Inrrre 
number of non-cultivated gra.^ecs which were it.s host. 
Another important point (hat he wanted to mentinn was the 
fjuestion of «:eed production. Sfrhn on a sirurle plant pro- 
dured inanv ihnusands of .«oeds which were easilv dis'^eminat- 
ed hv wind. Turthcrmorc the viability of seed wn.s verv long 
and evoeriment.s have «ho«7i (hat the seed remained viahle for 
over fifteen years. TTo .supported thi.s point hv giving in- 
stances. 

'fhe qucflion of e\tcrwinntion was an important one. 
Ordiunrilv tlic nietlnxl was to remove the plant Ik*- 

fore it jirixlmed flmvets ami thereafter the seeds, Ihp it 
was not M» simple a« it appcnre<i. People had attempted this 
and yet ll.e para^^ite ay>peared to Ik* ns .serjoim in ean.sing 
damage ns ever. The reason vvns that the nnn-(‘ultivate<i 
plant-i acted as hn-t- and fre^li infextinn wn^; eoming even.’ 
time, nnle'*^ mueh rare is devoted an«l lot of labour is 
epetU. ordinnty cultural methods are not satisfactory for 
r!n‘<kirig the irifettion fioin vear to year. 
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Strign was also found in Sonth-Afrien, Sudan and some 
other parts of tlic ^^orld. Dr. Saunders of South Africa liad 
<lone a considcrahle amount of work on liic extermination of 
this parasite. He tried various methods: trap cropping' 
intcr-culturing, u‘=‘ing weed killers and thick sowing of crops 
in order to eradicate the parasite. After trying all these 
niethod.s he came to the conclusion tliat lirccding resistant 
varieties of Sorglmms was the onlv .satisfactory way. In the 
Bombay Presidency some experiments Imd l>een conducted 
during the last four years in this direction. Out of fifteen 
varieties of jou'ar on which experiments had been earned out, 
two seemed to l>e j^romising resistant types 

Orohanchr was more or less similar to Strign in its various 
•characteristics. Tlie seed produced wa.s also Jar^e in number 
and remained viable in the soil for long periods. He said 
that research work was being carried on on different varieties 
of tobacco that were grown in India and in one or two in- 
stances they had got jilants which promised to give resistant 
types. The difficulty in their way was the inadequacy of 
staff. 

The Chairman said that the snbiect wa.s an important one 
•and rather new He invited the members to express their 
ideas on the subject 

Dr. Crowther said that in Egypt Orobanche was a serious 
•pest of beans and certain vegetables, but no remedy was so far 
known beyond omitting a susceptible crop from the rotation. 
Tn the Sudan, Striga was prevalent and the only check re- 
sorted to was hand picking of the Striga shoots, a measure 
which had been partly successful over small areas 

Dr. Choiidhitri said that the blue pine in Kashmir was 
being killed year after year bv Arc^’nthobium minntissimum 
and nothing w«as being done 

Subject VI. — (e) Protection from effects of weather. 

The Chairman requested Dr Ramdas to introduce his 
•paper on subject (e) protection from the effects of weather. 

Dr. Ramdas then summarised the important points men- 
tioned in his note. (Appendix IX, H). 
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Dr. Huns fiaid that further discussion of this new subject 
iiilrodiiccd l)y Dr. Hamdas would have to be postponed. 

Mr. Wynne Haijer proposed and Rao Bahadur Viswanath 
(iccondcd a vole of thanks to the chair which was unanimously 
paiwed. 'Phe Board then adjourned. 
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APPEHDIX I. 

Note by the Secretary, Imperial Council of Agricultural Re- 
search, dated 17th November 1937. 

Statement o! action taken on the recommendations o! the 1st Ueeting ol the 
Crops and Soils Wing. 

The attached statement showing the action taken on the recommendations made 
at the lit meeting of the Crops and Soils Wing, is circulated for information 
Replies from some provinces and States are still awaited and will be circulated later 
if received in lime 

Statement shoicing the action taken on the recommendations of the 1st 3/eefin<r 
of the Crops and Soils 

Subject and RecommendationB and 
reference remarks made at the time Action taken, 

to pagea of of ^dressing provincial 
proceedings. GovernroentB and States. 


1. Plann i ng , 
tech n i q la ® 
and interpTo- 
tation cf field 
experiments. 
(16.21 and 
49 . 62 ). 


The question of appoint- 
ing a standing adviaory 
committee on this aub- 
jeet 13 under the consi. 
deration of the Council 
A technical Sub-Corn- 
mittce of tho Advisory 
Doard has been appoint, 
ed meantime. The 
other recommendations 
are for consideration by 
the local Governments 
and constituent Indian 
States and such action 
as they may decide upon. 


The Sub.Commitieo’s 
recommendations re. 
gardin^ ualforraity in 
tho methods of testing 
new varieties of cano 
have been approved for 
adoption in all supar- 
cane ro^ioarcb financed 
by the Council and will 
be included in the condi- 
tions attached to future 
grants for all sugarcane 
research 


Tho recommendation regarding a stand- 
ing advisory committeo is still under 
consideration. Replies from provinces 
and States are summarised below 
Madras — Tho Director of Agriculture ha# 
communicated tho recommendations to 
tho Deputy Directors and Crop Specialists 
for guidance 

Dombay . — A scries of experiments will bo 
taken up on the linos reoommendod at 
selected stations when the proposed 
standing advisory committee is estab. 
Ushed. Experimental work on the 
relotivo^ mothods of interculturo of 
cotton is at present being carried out oo 
tbe Surat Form 



regard to planning, technique and inter- 
pretation of field experiments are being 
given effect bo far as local conditions 
and circumstances permit. 

Btngal — Tho field experiment work is 
earned out according to the latest 
statistical methods for testing out types 
of crops or manures. Interculturo has 
to bo taken with two of our mam crops— 
Juto ond Aroan paddy , otherwL*o the 
outturn will bo poor. 


— (a) Recommendation regarding 
ptarmmg. techniou© and interpretation 
of results are already being followed. 
Wherever possible yi.'Kl trials are now 
designed according to Fisher’s randomised 
block method and the results interpreted 
by Fisher’a analysb of s ananco method. 
Yield testa on a saricty of crops are 
being carried out for at least threo years 
on different experimental farms in tho 
rroviaee before tho reaults ara consi- 
dered conclusive. It is not always pos- 
Bible to have equal cembfrt cf replications 



Action taken. 


Sobject and Recommendations and 
reftrenee remarks made at the time 

to pagM of of addressing provineial 

proceedings. Governments and States. 


Mysore . — Replication and randomisation 
metho^ of testing and application of 
Fisherian technique in interpretation of 
results are being adopted in all crop test- 
ing and manuria! experiments of sugar- 
cane, paddy, coH'ee and 8e\-eral other 
crops. 


CocAin.— Manorial experiments on paddy 
hare already been laid out in randomised 
blocks with aix replications. Other 
recommendations regarding research in 
tho teehoiquo of field experiments, 
testing now varieties of can© etc., are 
beyond tho scope of tho Department for 
want of staff and funds. 

Trocancorc.— A small Field Rxperiment 
Committeo has been constituted to assist 
in drawing up schemes for and In laying 
out all field experiments. The other 
lecommendatJoas relating to the details 
of this work ha%’o been commended to 
tho attention of tho Committeo which 
Will follow them with the rcouircd modi- 
fications, if any, to suit local conditions. 


J. Soil siin-eys The Sub-Commitleo’s 
recommendations re- 
garding the establish- 
ment of a Soil Bureau 
and the appointment of 
A Committee for defining 
methods of soil anal^'sis 
are under tho considera- 
tion of tho Council. The 
rrcoramcnditions relat- 
ing to soil 8iir>eys in 
pclatioa to neve imga* 
tion projects ore for 
consideration by Bocnl 
Governments and States, 

It is requested that tho 
Sub-CommitfeoV irroro- 
tnendation regarding root 
devclopsnent studies 
may bo brought to th* 
notice of all research 
workers engaged on crop 
Improvement scheme* 
financed by tho Council. 
A iDOTo spe^fifio refer- 
rneo will W made to 


Otcolior — On both the Central Experimental 
Farms at Gwalior and Djjaio the experi- 
mentation on the latest technical i/nes 
dc\n<ed by Dr. R \ Fisher has i^en 
started both in the crop improvement 
work of tho Crop Botanat's section, ond 
on the farm side comparativo trials of 
vanetie«. manures, etc The intorprotn- 
tion IS being dono stntistiealh . 

Tho rocommendatiuns regarding n Soil 
Bureau and n Committeo for defining 
methoiU of sod anab’sh am still under 
Consideration. Replies from provinces 
and States are summarfstHl below . — 

Modras. — Tlio rceommendation regarding 
- - ... » V.. ~'>m- 

ind 

to 


Dctailol soil Burwi-a lisvo been eamwl on 
m the districts of KUtnn. Goilavari, 
MaUloir and the deltaic regi'^ns of Giuvery 
and Ferij-ar in which oil details of «oij 
vanatioii with reference to chemical com- 
p»*ition of the soil were determine«l and 
inappetl but tbeeo Buia-ej-s could not bo 
extended owing to prohibitive cost of 
eonduelJngthem. 

Itomboy . — Tlio local Go\Tmmont support 
the recommendation for the formation 
of A soil Bureau and tho undertaking of 
an All-India soil survey, as these are tho 
most desirable deiTlopments. 


and soil 
analysis. (22- 
£1 and 70- 
77). 
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Subject and 
reffrence 
to page* of 

proccMing*. 


neeommcndations and 

rcmarka tnndo at the time Action taken 

of midreoetnR provincial 
Cox-crnmcnta and Statea. 


this matter in sanction* 
ins neir aehemes in 
future and It is suggest* 
ed that tha matter 
should receive special 
attention when research 
programmes are drafted. 


The recommendation tiiatno new irrigation 
projects should bo initiated without a 
thorough soil survey is very necessary 
in tho caso of perennial canals or perennial 
sections of canals but not la other cases. 

In the Deccan Irrigation Circle, the Irriga* 
tion and Agricultural Departments are 
atudying very carefully the changes 
which are being brought about by irriga- 
tion which cause tho soil eventually to 
delcrioralo as regards crop production. 
It IS not necessary to appoint any scienti- 
fic staff as tho present staff can deal with 
this problem. 

Tho recommendation regarding the detailed 
ntudy of root development in different 
soils has been brought to the notice of 
all research workers on crop improve- 
ment financed from tho Council’s funds. 
In practically all work on crop impros’e- 
ment except purely bofanicol researob, 
studies of root development are being 
earned on as an integral part of such in- 
vestieations Special attention will be 
paid to this aspect in future, in all 
echemes put up to tho Iteseareh Council. 


CeniToi— A sod survey as such is not pos- 
sible as we have neither men nor money. 


Punjab. — J. (a) Ko largo scalo soil survey 
has yet l^n taken up as staff is not 
avadoble for the purpose. 


(6) Thorough soil sun’eys ore now made as 
part of the normal procedure in the pre- 
paration of all new irrigation projects m 
the Punjab. 


2. (a) and {b) Root development studies 
are already being made on tho more 
important crops us. wheat, cotton and 
siigarcano. The recommendation has 
been brought to tho notice of research 
workers concerned. 


Bihaf . — A soil survey oa the agricultural 
basLS has been started A general unit 
of sampling is kept at 32 rmlcs and in 
areas where the soil hetrogeniety is 
already known, the umt is reduced to 16 
miles Field examination of the sod 
sample is done on the spot and the fol- 
lowing information is collected:— 

(1) Chraate. (2) Surface feature. (3) 
Texture. (4) Depth of water table. 
(5) Colour. (6) Vegetation. (7) P, 
H. value. (8) Qualitative tests of 
carbonates. 

The soil is collected upto a depth of 2 ft. in 
three layers of 0-6', 6'-12*, 12'-24*. The 
detailed chemleal and mechanical analysis 
J 2 
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Subjeeland Recommendstlona and 
referenes remarks made at tbe time 
to pages of of addressing provincial 
proceedings. fJovemraents and StaCea. . - 

unll be undertaken shortly. ChUee- 
tion of soil monoliths could not be 
included due to cost involved. The 
Oovemment of India should be ro. 
quested to consider the recommenda- 
tion of the Poard regarding financial 
assistance to the province to complete 
the survey. 

Oentrdl ^’rowncse.— Detailed soil surveys 
of the type recommended is not possible 
for want of sufficient stsff. The Agri- 
cultural Chemist is being asked to work 
out an estimate of the cost for such an 
enquiry. The recommendation relating 
to soil 8 ur\' 0 ys in relation to new irriga- 
tion projects has been brought to the 
notice of the Irrigation Department. 

Asaam.~Aii attempt is being made for the 
last two years on the root development 
of boro (Spring) padd}' with reference to 
its development lo different soil textures. 
The results have been summarised in a 
short paper which has been sent for 
pubhcation It is intended to continue 
root studies embracing the root develop- 
ment of the more important paddy 
types. Preliminary studies regarding root 
development of sugarcane are being under- 
taken this year Standard method 
are followed in soil analysis No attempt 
baa yet been made to take up coil surveys. 

‘ Soil aeration appears to be one of the most 

important factors h'miting crop growth 
in Assam. A small beginning has been 
made with revenue crops such as oranges, 
rapaya, pine apples and betel vines at 
Jorbat with due consideration to factors 
such as soil temperature, soil-water, 
venation in soil aeration and behaviour 
of weeds. But the experiments are 
more or less of a preliminary nature, 
although valuable information is indi- 
cated. 

North Weat Frontier Province.— No new 
irrigation projects are contemplated. 
Becommendations regarding soil surveys 
are being followed. 

Orissa. — Root development studies are 
being carried out in the flood resisting 
vanetics of paddy. 

Rt/derabad. — Proposals for the appointment 
of necessary ataff for the study of changes 
in BOtl cauoecl by canal irrigation are under 
consideration. 

htysore- — Extensive soil survey has been 
conducted on an area of about 120,000 
acres which has since boon irrigated under 
the Irwin Canal. The question of re- 
Burvey of that area to find out soi 



Subject and 
reference 
to pagea of 
proceedings. 


3. SoilAmelio* 
ration. (29- 
30 and 77- 
83 ). 


149 ' 


Recommendations and 

remarks made at the time Action taken, 

of addressing proTincial 

Qovemments and States. ' 

* changes due to irrigation and the original 

aoilaurvej of othenrrigable and irrigated 
areas are under consideration. 

Root development studies have been made 
la respect of sugarcane and coffee and 
will be continued. Similar studies in the 
case of Ragi were completed long ago. 
Observations on the root development of 
cotton are in progress. 

CocAm.— No now irrigation projects ate 
contemplated. 

Travaneore — There is no new major irriga- 
tion project now under consideration m 
Travaneore. The attention of the Bio- 
Chemist has been drawn to the recom- 
mendation regarding the periodical exami- 
nation of soils already under irrigation. 
Provision will be made for root develop- 
ment studies when a crop improvement 
scheme financed by the Council is in 
operation in Travaneore. 

Baroda An Agricultural Chemist has re« 

cently been appointed whose chief duty 
will undoubted^ )>'* in the analysis of 
soils and well waters of the State. 

Bhopal — Work on soil has been commenced 
and root dcv'elopment studies are being 
carried out at tne Oovemment Agncul. 
tural Farm. 

Oteolior . — As per recommendations the soil 
surveys tn relation to now irrigation 
projects are being arranged for through 
tbe Chemist and the propaganda staff 
engaged in tlie now irrigation Project 
areas. The results will be known when 
the work is completed 


The Sub-Oommittee’e re- 
commendations are 
commended to local 
GovoraiBonta and Indian 
States. 


The root dovelopment studies are also on 
the programme of the Crop DotanisU 
wherever it is thought necessary. 

Tbe type of erosion m tho coded districts of 
tbe Irinidency though serious does not 
actually create “ravines”, the undulating 
nature of tho country gives rise to water, 
courses along the valleys. The ravines 
which are formed in other provinces are 
not to be seen in llsdras. except in 
certain distnets where they are formed In 
amall isolated areas, moetly in hilly tracts. 
In the Deccan Districts soil erosion is 
prevented by contour ploughing and tb* 
building of stone embankments. In slop, 
ing lands, terracing and providing bun^ 
mitigate the loss ofscil. Tbe land is 
kept fallow to the shortest mimmum period 
when it is left in s rough condition. Crons 
■re planted on nearly contours and tbs 
surface water is le«l into properly eon. 
atnicted drains. Organised rotation of 
..rops and apphcation of cattle manare 
in large quantities are advocated. In tl>e 
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Subject and 
tefercnc© 
to popes of 
proeeedinga. 


8. Fruit indu3> 
try (80-90). 


itccoramcndotions and 
remarks m'ade at the time 
of addressing provincial 
Qovernmenta and States. 


(m) The Imperial Council 
of Agricultural Research 
may bo invited to for- 
mulate n echome for 
giving effect to these 
proposals.” 


The following resolutions 
passed by the Hoard 
are commended to the 
notice of Local Govern- 
ments and Indian 
States 

1. ” That this Board de- 
sires to empbasiso the 
value of fruit growing to 
- Indian agriculinro. It 
notes that the Govern- 
ment of India through 
the Imperial Council of 
Agriculturol Reaeareh is 
financing both exten- 
sive schemes of fruit 
research and comprehen- 
sive marketing surveys. 
It also notes that meome 
provinces the Agrieul 
tural Departments have 
been able to do a good 
<Ieai to aid fruit grower* 
by research ilemonsira 
ration, the provision of 
nursery stock and nssis 
tance in organtsniion. It 

desires to emphosive the 

importance of Agneu! 
tural Departments lienig 
place.! in a po-mon to 
render adequate n««is 
fanco to fruit gtowen* 
by the provision of ex 
pert staff and fiimU to 
ensure the provision of 
aiieli fneibties as ties 
eribed nlio\ e. 

II. That this Board n- 

commeinis (hat ap^einl 

courses of training i« 

scientific fniit nmUege 

table grow inc f’V -stnrti <1 
in All the protimial 

ApricuUuroIOdf'-ges 

III. That this Boanl would 
hke to draw th" atten- 
tion of U>eal Gotrn. 

ments to (he Ad\i- 


ability •• , 

flIJ mir'cri'^ producing 

fruit trees for aale to 

the piildie 


of recHtoniig 


Action taken 


The recommendations are under 
consideration. 

Bombay.— Owing to the prevailing financial 
stringencj', the question of strengthen- 
ing the horticultural stnfT has been 
postponed. 

t<pfciat course of trainmy *n /ruU and vege- 
UiUe yrom'riy — This is being done already 
at the Poona Agricultuml College. 

A scheino regarding the registration of 
nun-oncs bus been prepared by tho Horti- 
culturist to Government and will bo 
brought into force m tho near future. 
Bengal —7110 recoinmcndat ion« arc m opera • 
lion o» far o.t tliey are applicable 
Piin/ai — Tlio Fruit Section of tlio Deport- 
ment, though started m 1920 lias inado 
lonsidcrable progrC'-s It has got 0 
pn2cttc<l Oniccrs and I] tecbmcal Assis- 
tants engoged on (rt) Teaching, (6) Ro- 
Kcnreh and experimental work and (c) 
.A<Kisf>r>* and di-trict propapantln work 
Under Tcarhmg, ciglit dilTcicnt courses 
are given to various clns-scH of people 
at «hfRTeiit times of (ho jear. ^tcso 
ore very popular and wcll-attcnUcd. 
UiwW UeHateh, work is being done on 
the preparation of many kinds of fniit 
juices as t.qunshc«, propamtion of janis, 
jeJhcK. <li«tfnc\i«, landictl fruits, tlrjuig 
fruits ami turing dates A fruit canning 
fa«lor> has al-.i bix-n constniitcd and is 
Imiur Msiii for the jin-pamtion of canned 
fmits on a seini loinnicrical scale. Un- 
der I'jTi'crtfKrtiliil. work n bcinp <hno 
on ntnis root stock investigations, grape- 
vine hvhndir^ition. root pmning, manur- 
ing. linrk rnigiiig hmnili pruning, jKilli- 
iiatum atudii'M. inothuds of {xiil.ing anil 
storage, el«* Uiidi r Aihifory ojul j>roj<o 
ooni/.i work. nlKJut liOO ganlenv were v isil- 
i^hy ihertafTiluring Hi.ir,.n0. .\ rnivin- 
I ml rooi'rrntive J'niit Developinenl 
Board Imis l>erji slnrtn] w}iir}» Jias got 
a Muml’CT'-hip over -Kki Amongst its 
ocli\iti«s, a I'niil Joiimil lui« been 
Hlatiid and Co-oj* nitiv o Marketing is 
bring orgiUiis<sl. I,i‘nfle|s on fruit de- 
velopment are di*irihute<l fnv. I'niit 
surveys were mnd» in 102" and again in 
1933. A provincial fnni show is hel.l 
every year m l,nhere. with similar sliows. 
at other places in different S'xison*. 
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Subj«taml RccommfndftJioiw end ■ ■ ' V*' ’ ’ »•••.»•» ( 

reference rcmfirka mode at the liirr « . . A«<i'ilirtnVcn. .'n'l ' 

to pape* of ' of Rddtea^inp pmxincial u. • *11. 

proceedinp«. Covemmcnl* nnd States •> • .•••iS-i 


Jtihnr . — Since the introduction of the 
Fruit IlMearch Scheme, tlio rccomtncndft- 
tiona of tJiia Roaril arc being odliercd to 
a< far as possible, especially clas-sification 
of fruits, survey of fruit growing tracts, 
supply of profitable varieties of fruits of 
economic importance. Short courses are 
also being held on fruit preseraung and 
preparation of drinks and syrups Ov\ing 
to jnueit}’ of funds and Lick of training 
facilities, It has not been possible to 
consider tho question of holding special 
courts of training in scientific fnnt anu 
vegetable growing 


CtHtral rrciincts — Tho staff m citrus 
culture IS provideil by the Imperial 
Council of Agricultural llcsearcli. A 
liorticulturist is needed but ho cannot bo 
entertained for want of funds Nur* 
senes recognised by the Agnculture 
Deportment are being registered by the 
Deputy Director of each circle A scheme 
IS being drawn up for a special course of 
training m Scientific fruit and vegetable 
growing 


Atnm . — Tho question of starting a truit 
station m tho Khasi hills to work on 
citrus fruits, e&pecutly a?3u?e, is under 
consideration Work on the improve- 
ment of orange is being conducted at 
Dakitar Farm. Halfiong hill and Khaoa- 
pura (Unuhati) Attempts arc being 
made to combat tho yellowing (not die- 
b.ack> disfaee of orange Preliminary 
trials have been made m canning and 
prcstrving various fruits, vegetables 
and in making unfonnrnlcrt fruit 
juice, syriijis. etc For lack of funds, 
•Ik work has been discontinued Real 
mitiatiie has rfcently been giien 
to growers of pine apples by chstribution 
of suckers of supe'iiir varieties (exotic) 
and with necessary iiLstructicm reg.ird- 
ing th'*ir cultivation Efforts have been 
‘ made for bettor marketing of fnuts and 
tho railway freight thereof hat been 
reduced to quarter rate for pine 
appto The fruit gardsn tI .Shillong is 
inauily devoted to deciduous fruits such 
ns apples, p^ars peaches and p'ums. 
Grafts ere bemg distnbutcd in Khasi 
and .laintia Hills The plums and 
peaches of Shillong Iiave a fiituro pros- 
pect. Attempts are being made to 
improve the bee-keeping especially in the 
lulls. A number of fruit Ntuteriea have 
recently cropped up. There is a great 
scope for the Nurseries 
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Subject and nocooimendationa and 
rcfereaco remarks mado at the time 
to pagOT of of addressing provinciai 
proceedings. Oovommonls and States. 


Action taken. 


North-West Frontier Provincs.~The de- 
velopment of tho fruit industry is re- 
ceiving all the attention that lunited funds 
and staff will permit. The registration 
of nurseries is not considered piacticable 
as nearly every orchard owner is selling 
nursery stock. 

Orissa . — Tho Department is fully alive 
to the value of fruit-growing. A scheme 
for a fruit farm in Koraput is under 
consideration. Another scheme has been 
submitted to the Council. A third 
scheme of a farm and the appointment of 
a Horticulturist are under considera- 
tion. 


Jl/y«ere.— There ia a special Department 
of Horticulture in Mysore to facilitate 
the encouragement of fruit growing 
in the State. A scheme sanctioned by 
the Imperial Council of Agricultural 
Research will come into operation this 
year. 


^oc%«n.— Propaganda to increase the fruit 
industry is being done. 


Travoncore.— Tho Agriculture Department 
maintains a Fruit Farm at Cape Comorin 
which has been doing pioneer work for 
the cause of fruit cultivation in the 
State- Froposais for increased facilities 
on this farm are under consideration. 
Pmctical training in elementary horti- 
culture IS being imparted m the Agricul- 
tural Schools of the State 


Baroda . — A Horticulturist has been appoint- 
ed Sa^^•ey3 hare been, made of the 
likely fruit produemg areas of the State 
and training is being givon in the Agri- 
cultural Institute. All nurserymen of 
experience and repute who hove expressed 
wi&irtgncss to he registered have been 
so treated. 

Bhopal . — ^^Vork has been eomreeneed on 
fruit growing m tho State. 


Otoalior , — Thu activity is being done by 
our propaganda staff, through whom 
fruit plants of economic importance are 
freely distributed to selected cultiva- 
vatora. 

Patiala. ^Tho Nursery Section of the Garden 

l^partment undertakes the propagation 
of tho best vorictios of fruit plants. * 
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Subject and Itccommendaiiona and 

reference remarks made at the time 
to pages of of addressing provincial 

proceedings, Oovemmenta and States. 

9> Agricultural The follorring resolutions 
llarketing were passed by the 

(52.5S). Board : — 

'* I. That in the ojnnion 
of this Board the scheme 
for the improvement of 
marketing agricnltural 
|)roduco recently put 
into operation by the 
Oovernrnent of India 
and outlined in the Go. 
vemment of India’s 
Bcsolution No. F. 16.M/ 
34, dated the 10th Janu* 
ary 1035, is calculated 
to bo of the greatest 
benefit to Indian egricuU 
ture. 

II. That this Beard is also 
of opinion that the or* 
ganisatlon described in 
the Government of 
India's Resolution of 
January 1935 is well 
designed and the pro* 
gramme of work euitable 
to immediate needs. 

III. That this Board con* 
siders it very important 
that the collection of 
adequate statistics should 
be borne in mind by the 
new marketing eection in 
carrying out its scheme 
of work.” 

Tho Crst two resolutions call 
for no action. Tho third 
has been brought to 
the notice of tho Agn- 
cultural Marketing Ad* 
viserto the Government 
of India for necessary 
action. 


Action taken. 


Tho Agricultural Marketing Advber re- 
ports that due attention is being paid 
to the collection of adequate statistics 
both by tho Central and local marketing 
staffs and efforts are being made with a 
view to tho improvement of tho pubbea* 
tions concerned The question of the 
forecasts and estimates of yield in res- 
pect of wheat is receiving the considera- 
tion of the Wheat Committee. With 
a view to makmg complete the publica* 
tlon entitled “ The Monthly Statistics 
of tho Production of certain Selected 
Industries " published by tho Director 
General of Commercial intelligence and 
Statistics, certain wheat milJs were ap- 
proached for securing their co-operation 
m the matter. The aforesaid publica- 
tion does not give the output of iico 
mills, nor is tho numhei^^rrettly indi- 
cated in the publication entitled *' Largo 
Industrial Ilstablishments in India " 
These matters have been refemd to the 
Durectof General of Commercial Intelli. 
gence and Statistics. Negotiations aro 
also in progress with regard to the ampli- 
fication of the rail-bomo trade statis- 
tics pubh«hcii m the Indian Trade Journal. 


It i< proposed that, apart from tho 
addition of about 20 more articles 
to tho hit, the railway rl.ixMification 
should bo so revised os to bo of more 
practical value for all concerned and 
that freight rates for certain important 
commodities between chief centres of 
trade should he published 


10. Influence of 
itjilro-Elcc- 
trie power or 
agricultural 
dc\-clopmcni 
(05.67). 


The following resolution of 
tho Board is comrrend- 
ed to the notice of 
Local Governments and 
Indian States : — 

'■ Tlial this Board tiewa 
with, appreciation the 
suecAs of ibc Hydro* 
Mectric eclieme m the 
rural arras of the Wes- 
tern United Pioiineea 
and commends it to the 
notice of Other Local 
Governments.” 


il/adeas. — Tl*c nrrii f.>r supplying power 
at cheap rates »« kept in view 

BomUry — Tliero ti little scope for hydro* 
elcetne development for agnniltoral 
purposes m tins Presidency. 

Brnyoi. — The rccoininm-lstviis aj a in orwra. 
tion as far a« applicable. 


ihinyo* — Wlierrver 6ub.fV>iI water u 

vuitaLle for irrigation. |f,e vae of power 
from tlie Uld nver Hjilro.inectric Kchetne 
IS reeoTnmeTi.k,l to aam-tyL-r, for Lfliag 



Subjocttiml 
rcforenco 
to pftpos of 
rofvodinps. 


I^(><^onlmon^IaUon^ und 
romarkft mtido at tlio tim** 
of atl(InM<ii’ng provincial 
Oovornmonts and Stntca 


Action token. 


water if ronvcnicritlj- available Demon. 
Ntratioii of electrscfll appliances are ar- 
rangetl at Uio timo of “ i’nrmcrs’ W'ceks ” 
organwnl by tho ARriculturo Department 
lu explain flio advantages of pumping 
and cane enwhing by clccfncity. Tho 
Agricultural Department is alio using 
)i}-dro.eleetnc power on somo of its 
farm«. 

Hiftar . — ^Tlie recommemlntiorw are under 
consideration. 


Ctntml I'roi-utcei . — Conditions in the Pro- 
vinco aro not fnvoiinitdo to tho develop* 
tnent of hyilro^cli'Ctric work. 


Orisfo.— Jvo I/jdro-iricefrio rehemo for Iho 
dcvolopmcfii of agriculture has been 
comidcre I 

A/ysorc.— Owing to tho special facilitiet 
gnen by tho Mysore Oovemment to 
encourage tho u^e of c}ectric power by 
ogricuUurista for tho imitaUation of 
irrigation pumps a largo numlior of irri- 
gation pumps have been msfalled in tho 
Stato 

(’ocAim ~T1io subject will bo considered 
when hydfo-olectne power u available. 

Tmexincere.— A large hydro^deetrie project 
M under eonstnictiun at Pnllnasal. 
Tho plans inchtdo provision for supplying 
cheap electric power for ogricultural 
operations 

ISaroda — Considerable attention has been 
paid to tho possibilities of dcv'cloping 
electric posver for rural needs A number 
of wcIU have been electrified around 
JlnitHla and ono company at Kadi has 
been given a substantial loan in order to 
enable it to detetep its rural power 
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APPENDDC n-A. 

Holes on Subject H (A review ol the theory and practice o; 
manuring in IndiSt with suggestions for the luture : (a 
with relercnce to farmyard manures and composts, (b 
with relerence to green manuring, and (c) with referenci 
to manuring with artificial manures). 

KOTE BY ilAO RAIIADUH R VISWANATII, F.I.C , F C.S.. 

Diuctor, Itiptrtol Agn^-vUvrct Rt'careh Imtilutt, Xtv De!M. 

The terrns o! reference ate to wide *ad the data to be dealt with are eo largi 
■and varied that it i« impoa'iMe to di*ca«a the araitaWe material without greatl; 
eiceedinp the j^rmitsiWe htoits for a note of thii kind The discntsioti on th' 
available data will, of necessity, be restricted to the consideration of the salien 
points of the subject matter under consideration 

The iheoTv and pracHee ot mannnnS m Indit had its otigm thirty years apo, ir 
the then prevailing ideas of chemical treatment of the soil as ]<oslalated by Liebit 
and I^wes and Gilbert, who onginited the fertiliser industry. According to thes< 
ideas one had only to make a chemicil analysis of the eoil and to make good thi 
deficiency hy the addition of minerals indicated by snalysis to maintain the fertilltj 
of the soil.* Esperiment and experience has gradually changed the ideas and thi 
whole problem has been slowlv but steadily been clarifying after pa«sing through thi 
realms of different branches of chenii*lry and biologj- and has in recent years assumed 
a new outlook. The soil processes an«l the carbon and nitrogen erdes inveUed an 
becoming clearer and mineral fertilisers haie begun to fall in tneir place as iiU' 
portant bat not all important The new outlook includes in its bonaon, the direci 
and indirect effects of organic manures on crop crowth, the necessity for ntilising 
organic waste materials and a consideration of plant growth in terms of ihi 
ejue bacteria pfant-anunaMactena. 

A nninher of experiments have been carried out in different parts of India. 20C 
♦sperimeiiti, reported m jourmils, bulletin*, end annual reports nod which appeared 
to base been carefnlly condocied have t>een selected Of these esperunenls wet* 
conducted in dry or precarious rainfall tracts and yielded results of an erratic 
nature These are, therefore, eliminated The remaining &S? haie been retained 
for farth^ examination because they did not luffer from the limitations of water 
eupply. There were either irngation facililie* or the rainfall was over thirty five 
inches The following statement eaniman«e$ the results 


! 

Total 

number 

of 

Eapcnmcnt« 

with 

Bipnificont 
inereo®c 
in yield 

Experiments 
with not 
significant 
increase 
in yield. 

Experiments 

with 

negative 

results. 

Farmyard manure with or with- 
out artilicUls 


37 

— 


Oil cakes .... 

13 , 




on cakes artificials 

If 




Green manure with phosphates 

10 




■Creen manure with "mtro'gen and 
phosphates 

18 ' 

.0 



Bone meal 





Fish rnanure 

99 

SB 

99 


Total 




e 

Per cent on total 

Bi 



d'8 







m 



Total 

nunibcr 

of 

«pcri» 

RirAtS 


Kxfvrirronta 

Exporitncnta 

E*T«PrimMjta 

with 

with no 


p/gviEcAnl 

! *>Rnj/irnn£ 

nrpath t> 

mcrtfoe 

i inejTftao 


in jenn 

in } ieW 

i 



Tlie tfop* fipffimfnteJ with «^r«> pvWy, »ujj.ircanp, cottoH, tolacco, potato, 
groumlnut, >natz(', j^war, wheat nT»<J jule. The «rop to manunai 

IrMtmenl ava» pa<l<Jy and lh» leajt re'iponaiae vc»» coUon. Tho following zlatfment 
li.ow tilt differrntiait re«pofi>e l>y the two cmjv». 



PoJJi/, 

FanayarJ manure . 

Oil caWre .... 
Oil CAkre + * 

Ofwn fniuiuR« . • • 

Ctt-cn mAOurre aajth pnoai'twlM 
Itono itifa\ . . * • 

Tiiih manure . . « • 

Total 

Sodium nitrfllo . 

AtQRSoniuTn aulplmto • 

Xlioiphatre . • ' • 

Kitrt>jr« pho>'J’hat«' 

Farmyarvl manure . 

on eak.^ • ■ ' ' 

B<yttum nitrate 
Ammonium ••ilpl.ate 
n/wpKatea . • ■ ' 

y.trefrrt an.l I'J>o-iUf/W 


























lUU 

f»f>fnfn»nti haTj*i2 at »»Tfr»] aid in 

y»*n do not fire a piMnre <,t Ih^ rvlatirr r'^nt* oC orcanie a“d artt'cial 

f«rtili»'f» Titu* Ijitp l»»n TfTj few rrallj r>^ cn— piritir^ fipm— »“t» ipr«a.d 
c^^T a rufnl»ef of yrart H'ndry {A^'idtunst J/'xrMl rf Imitt, \7y>., J*’') rarriM 
ool »'3 (!i for T»»ra Up apfdipf d.fp'rrl n»*i^rp« a-i fnrtiliapn 

fr>r fv* j-par» and t}.»n HiPat^rpd lhp«r rp^idaal dnr; p«'iAl ef f.rt 

)par» TliP rptul'a aa rriorlpd ly Ijn ara ftTPi jn tf» »‘a'r— p-t — 

pot pPTt 

m-pf rr»'*»» t}3~nj 

f " I m-pf 
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T>.C IiraittMc fattor. as nould li- evp^cfcd, h llte atinnly of moisture in 

the soil. If this IS Inckmp. niaiinnnff does more Inrm than Raod. The followme 
data for joicar crop on similar i^ls l.ut with difTcrcnces in rainfall explains this 
lA/aefriif Jijne. /nurn/if, \*of 20|. 

Ter cent fnersnse or 

‘ ' decrease over control 

in tho season in which 


tho crop wos 
mnniired. 



Kohpatti, 

nnpari. 


Rainfall 



30 

10 


inches. 

inchr*. 

Oil cakes ..... 

+ 28 

—20 

Calcium cyanamide . 

+58 

—2(5 

Ammonium snlphated-supcr . 

+71 

—31 


The eonccntrateci manures are feasi etTectirc anJ e»en harmful in fotilities with 
precarious rainfall or moMture supply. Early in the life of the crop there will Iw 
X'lRorons pro«th and as n conseejuriice tho moisture supply is so exh.au«led that it is 
inadeqnafe at the seed selling slaRe. This is evidencej by the straw /prain ratio 
The effect of bulky orRamc manures like farm yard m.snure, comports and preen 
manures is leas than the intensity of the effect of concentrated manure*, by improvinp 
the moutiiro conditions. 


The broad inference that may be drawn from the data presented is the cenenil 
u«ef«Iucss of nipanic m.inures and their iin{>ortance in any sjstem of msnurn! treat- 
fTicnt tor uny crop. 'I'«o point* are to f>e con«i<fered. 7'he one « «ith rcRard ta 
pro*s vield and the other is ssitli re;ard to the extent to which m.nriiirinp can be 
done with profit. Whether mmurinp can l>e done with profit or not, depends 
naturnlly on the co«t of manorinp and on the pnee level of the comnioJities pro 
daced and to this point attention has Wen directed in certain of the inve«lipiition« 
in (he ptsf and I's UMy to he direete</ stilt more in minu*mg inips‘ipatu’ni in 
future 


In reparrt (o cross jield there base been reveral c.Tsrs in vrhicli complete mannnng 
with chemicxl fertiliser* alone does not produce a rnatimiim yield Tarmyard manure 
and other oreanic manures alone have not always civen tlie maximum vield It la 
onlv bf the combination of l-otli that the Wsl yield can be obtained Tlio prcaiesk 
fclurns' are RriurnUy obtaiticd by mtropeuous mxiiurcs alllioiu-h the aclion of 
rhci«phatcs i* cotisiderable and in many instances rombination of nnropen and phoi. 
nhate has Riven hiRUer vields than with lutropeii alone The ratio of pram to i*raw 
varies with the riatnce of msnurinp and i* the highest with cattle maiiurr (Nnrrli 

,Vrvi. Perl. dy’. Vol. 9' 

Ttnlio 
prnin to 
straw 


N’o manuro . 
Xo pbosphnte 
rhosplmlo . 


Cotllo mannrr ..... 

'Hiere 1* a vetr etronp iocae*tion (htl nrpxnic manure* «*sj»i 
V ‘^ .1 r..s5tu»rs Ukewise. if the scjion of mineral fertiliser* t* 
cheinir « of crpxnic manure either alone or In 

?hm!‘itT^r*^n Ihit orpnnic manure .sa.lvb.l.ty I. sl.muUled by 
fertili*ers. , 

The foU.>wirp illuitrale the poml. 


t3 7 
t4 3 
IP 0 
23 7 

the ntiliratioR of 
taken as cin*laBl 
ronjinction with 
the actinn of ths 


Yield 


per aere. 


Creon leaf at I1-- r*’ 

4. 1 rwt. Ammonium sulphate . 
Ammonium sulphate | cwt. . 

Xo rnsnur" 


2.C33 

2.435 

5.073 

?.C*-3 



171 

I’ahn Kxptnmtnl Station — Suyarcane. 


Oil cako 30 lbs, N 
Oil cako 100 lbs X. 

Cake N 80 lbs mmcrnl N 20 lbs 
Cake N 60 lbs mineral N 40 lbs 
Cake N 40 lbs. mineral N COUw 
Cake N 20 lbs. mineral N 80 lbs 
*V«/ miceral 100 X lbs 


Per cent, 
increase o%'er 
standard. 

Standard 
30 9 
41-6 
56 5 
38 2 
49 6 
40 3 


. In takiDg up a comparative study ot the behasiour o! manures and lertiluers, 
it IS natural to begin 'Mth tho*e containing nitrogen for the reason that besides being 
the most important fertilising element it is also the most expensive 

Oil cakes and other organic manures are generally more beneficial to sod tilth 
than TTiineral fertili*cra lle«idc3 this, the*e manures have to undergo bacterial 
changes m the sod before they arc ready for the plant The plant i« in con*e<]uence 
fed more steaddy and continuonsly Mithout being presented 'nith e\ce»s of nitrogen 
at the earlier stages of crop growth, as is the case with mineral nitrogen. Whalnver 
stimulation or check, due to changes in and outside the sod, that may occur to the 
plant, the effect wdl l>c preci«eh the tame on the bacterial changes concerned m 
the breaking down of th" complo* sub«ti»nces contained in organic manures into 
eimpler snbstanees for u*e bj the iilml A plant supplied with nitrogen in this 
way grows normall.v la healthier and gues rise to produce of higher quality than 
the one with an over tiirplns and is in .n ro«h m its jounger stages of growth The 
dilution of organic fertiliser* \Mth small quantities of mineral fertilisers is primarily 
to help the micro organi«ms tlian for the sole u<e of the seeilling. 

Here then i« the advantage of organic manures over fertilisers for the majority 
of Indian soils npally significant increases .an l-e brought abo it by letter and 
rational crop feeding i»s1ks and this ensures in the prodiire the quality requireil 
foi sceil .iiid for foo<1 

Newer hiowledgc i« giowing ni legn.l t.» Ibe action ot organic manuiet in tho 
direct nutrition of irop iiUnts 'the ob«rrsjiir>n nisde ten jeart iga (t/em Defil 
A'/ri' 10^7, ihit cr«»f» ptann oblam sidsfarKce to .itamins from the organic 

natter III iho sod has liecti ■••nMmeil 1»s w.i.k.ro in ••ther lounlrie* Voture Julr 21/ 
1937, /'ri>i 1,'oj iSof June 19.V7j Thi» inescis that mineral Irridi'crs vaiuaMe ai 
(bes nre cmiiot sltogedier lejda.e orgiui. muiures «i,<l uidc's an a.l^^iate sujp'y 
of farmsard manure compost oil «..We« cre<i. msiiares is axai’ibir imps virlils 
Suffer l»)l!i I'l qiia’itUs an.l qnaiiU 
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ordinaiily is to reserve the better soils for cash crops and to concentrate such supplies 
of available mamire upon these portions of land at the expense of areas of loirer 
fertility and of the food crops grown thereon. This will naturally lead to, an exag- 
geration of the original differences in fertility. If any alteration is to be* made In 
this pr.actice, it should be in the direction of diverting part of the sopply of organic 
manures from the so called cash crop soils to the lelatively poorer food crop areas 
and the introduction of the method of making up the deficiency by the use of 
small quantities of fertilisers Further experimental work should be in the direc- 
tion of determining the minimum requirements of organic manure consistent with 
quality and quantity of yield. 

The fertility of a coil depends primarily on its content of organic matter. It 
is necessary to improve methods of cultivation and implements in general use with 
one specific object among others, namely the formation of a deeper layer of fertile 
coil in a condition of good tilth such as will conduce to the development of a deeper 
and more extensive root system. Improved cultivation of this tj-pe cannot do any- 
thing but pood, hut on the other hand it is possible to emplov mistaken methods 
of varying it in the direction of multiplication of ploughings which will inevitably 
lead eventually to disastrous remits. Soil humus, far from being an imperishable 
subst.'ince, is rapidly attacked and destroyed by natural processes continually in 
operation. These processes, arc partly chemical and partly biological but both tha'o 
classes of action are strongly activated by stirring the soil, which promotes aeration 
and therewith the numerous oxidising processes, resulting partly in formation of 
carbon dioxide and partly nitrates. 

The obvious effect of this intensve cultivation is an improvement in the yields of 
crop at the expense of re*orves of p?.arit food and destruction of humus in the roil 
information should he obtained on (I) the conditions th.at make for expe«si\e des 
iniction of org-anic matter and (2) on the possibility of retarding the destnielien of 
organic matter in the soil. 
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APPENDIX II-C. 

Cattle dung and composts. 

(n. G ALLAN, Commusioner of AyrievUure, Daroda) 

The general outcome of exjienmcntal «ork thnwi'tout Intlia has been to establish 
the essential xalue of heavy organic manures and to emphasise that (luite apart 
from their nitrogen or mineral contents the direct addition of organic matter 
provides something which equal quantities of mixed fertilirers cannot. 

It is also equally certain that except in relatively rare cases economic conditions 
demand the utilisation of a great past of the more natural supply of this organic 
manure, i.e.. cattle dung, as fuel Were it not for this, with its enormous cattle 
population there would exist in India more than snihcient, were it conveniently 
voiih'd and stored for the fnll manuring of all irrigated or khanf crops • e., those 
which show the most adequate return. 

An alternatr'c form of fertility of somewhat similar origin i e , human ex- 
cieia, after effective decomposition, *0 heaxily used in China and Japan, has been 
advocated and nas been shown to be as efferti'e, if not more effective than cattle 
dung, for the last 30 years, but all the t.nlking or propaganda in favour of its 
marufacturc 10 the ullage and use hue led to nothing and are not likely to do so 
As far back as 1922 Ritchie drew attention to the amount of x-cgctative waste, 
carele'sij treated held weedings and Ihe like, which went abegging on a larm and 
showed tliat hy collection, atjiage and decompo^itton in the ordinary way of compost 
wahiug this would provide a manure hut little short of cattle dung in effect, while 
I helieie compo«tiiig of vegel.iblo wa*te has for years been a regular practice at 
Racca It was not howcier till Howard at Indore and Fowler at Bangalore began 
to work out a technique which introduced the principles of artificial farmyard 
risking as hy adco, but utilized the local products of farm, urino earth and ashes, 
that teiious. attention hegan to be giien to the possibilities of these methods or 
lariafioiis thereof ns means of making good that e«*etiti3l .and unavoidable lots 
cuatcJ hj the fact that cattle dung m Indw hat an alternative e.onomic value— fuel 
There is no ’ntention in this note to di«cn«s the relative merits of the Indore 
and Bangalore technique as iii the writer's omn'on each under certain rircumstaneei 
has its merits, Ihougli po*»ibIv from a general farming paint of Mew he is inclined 
to favour the former or varutions based thereon 

F.xperiencc however ha« shown, l-oth on the farms iii the United Provinces and 
latterly in Bamda that »v*fcmatir attention to the ulibration of all wa*te, together 
with the eiiltiv.ation of legumiiioiis material as bv catch crop, of laud temporarily 
otherwise fallow and thi rv.trmaiic plmting of phmnrhn on pa(«hrs of waste lantf, 
jnddv bunds and the like their efle.tive <v>tleoti<m and treatment as in the Indore 
cnritinuous method, or after storage m a jueparcd stale during th» drv season with 
niaking and turning in ihe lams do#, rxnli iii enonnoii^ ailditions to the amount 
of availal'le firgamc roaiiUTe of anaihmg t,i>lwceri tbre* iime« and «ix times the 
quantity previoutlv availatde when the onlv it»»ntion given wa« the daily removal 
of all the dung .and iinea*en foddee and il« dumping uUo a manure pit 

Of the two nietbo'U "the imitini-niis “ «li»iet' wlivi i* to hand in the way of 
V I ste, Biloptiiig the Indore technique nr «*>*ne vanitioi tbermn i» eonverteil into 
P'aniire throughout the vear if water is ea«il' svadalde i« prot.ahK th» better; but 
given a rnf^ciencv of ram in the m,>nsn<,n the termed as il coninti 

of preparing stacks of litter dulv treate.l lur«”g the lr\ •eisui an-l leaving all 
the liiriuiig and making tilt the ram» •• eauer epe idiv in the al.*enre of esiily 
ai'tirel av.aler, and can res’ill in fir»l «li«s tnami'e tv t^i 1 lose i,f t',e monsoon 
Ttus la«t however does implv that t’,e main msniirrg •* the sear is to W doie in 
Ihe enid rea'an, as for ln**anee (or irri^atetl wheat •i.-ar<a-'e anl foil aeason 
maiVel gardf'l frops If it i« a esse of manuring I ef-we ihe rains at wool 1 apply 
III n cotton eoimtrv. tie sear's s’f*>k ewllectel m tl* d'-v seism I nor to nn* 
monvoon. fil'd made in that m ms^ann has to stan t t-v f-*’ m-^e mmllis |*fore tppli- 
rttion, oerupMng fpaee, eaeti if partiallv p*xvtee*et from lai«es hv a surfacing of 
raith 

I’u'th piveesses however demand ceKiin ^sentials Iv l’ e pir^v who alafitt 
them ri: , lire tn lime eo'Ircti<in anl ea'ling in of wss’e wl i-h daea not pmvil* 
miiib s]i('‘milta . as there is nsiia’Jr spare lime •" 1 labvue rn iny firm; t* e pe* 

piratioi of a h»rse enth foor aod the -niirtensnee. alvissll. Ihao^v, not atsr’a't’y 
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Under dry rail civp conditions as on the heavier Idack sods two factors render 
it purely speculative {!) the fact that August may be so wet ns to prevent 
pIouglmiR without damage of the tilth tlius causing dehy and cutting down the 
time (2) The cvficcfatton of 12^ rain after inversion, unless done \ery early in 
August, is not to be depomled on and there is no irngition to make good. 

Green manuring befoic whc.at as fundamentally safe is restricted to alluvial sods 
piotected by irrigation. The expectation is from 12 to 15 per cent. mcrca*o. 

On the hlact soils there is only on occasion .a definite increase on the following 
wheat crops. It is only re.isonably possible in the tracts where the rainfall ettceds 
40'' and it a lucky break occurs at the end of July or earlv August. Otherwise it 
IS better to lot the next wheat crop have the Wncfit In the Sann stubMe and cut 
the ,_afin for comjwst purposes. The only safe way of uimg green m.inure to 
improie rain land of this kind Is to sow ntiil iincrt it before craiii. as in this 
ta«e it can be done Inter without affeclnig the gram crop nml is clTcctivo in (a) 
improving this crop (b) improving next >enr's whent. proiidcd tint after mveision 
o to D of rain an* rernved 


Throe important staples tints under certain conditions benefit profitably, from 
re-oifice to ilirect green mnmtnng. Whether the practice is likely to bc*j<opular 
in any giien tract where it is feasible Is largely ilependent on whether or not 
there is anv likelihood of nn aUematc crop which will hiing in a more direct return. 
Thus in the Western Unileil Provinces the possibility of growing cotton re.scti 
against green manuring, though at times roetlii. rown* in between the rotton ond 
ploughed in after eutton puking pnnides something of lids kind for the catio 
crop. In irrigated areas m !larod.i in sshich wheat is a common crop, bajri offer* 
the cultivator «onie clear retiiiu If grown in the monsoon In other tracts early 
paildy IS more papular than Siaiin befoie mne mid the only possibility i* n very 
early rowing of Sinn on irrigition In the hot weather arrompinied hy trniisplinting 
of the padily started on the reed beds in the hot weatlnf 

In ro far n« its arpl'cat'Ort to huid normally under ilry kh.arif crops which 
oppeir in area* of lower rainfall. like cotton and jusr, no vrrj- definite pMgres* 
hat lieeu made in the mitter. The only instanre of winch the writer is aware In 
which leguminous crops arc introduced a prartice in between rows of cotton 
for the c'sprcss iiurpo«o of inier«ion is in Onjerat The work at ^iirat las shown 
that a aidist.intial atnounf of fertility e.in I- ot.t.iitied bi inereism; the distance 
hctwce'i the tows of cotton to 5' or 6' and sowing m WomeAe between thej® two 
baic tins liurieil 4 5 week* later. In the better soils farmed bv llie more propressue 
farmer* ne.ir .Vai'ifj in fkirod-) «i a lefv fair iiumW* of fiebli one now bmls tJio 
cotton spaced to 5'C' and infirfowed with nrid giowti snlc)\ for the purpose of 
giecn manuring In thf*o uinl i« upnaifnl bv hand and hid ahm; eieh side of 
the cotton line, getting p.irtnl covering from the nrfh worked up ahmg the line* 
where the iirid was originally sown 


priiine m'ght be the 
I the normal wav being 
_ month or so after ttie normal lime or by the 
Jl cannot however be sji 1 ihit this lias as )et 
> bv anv nppre.'ialde nwmhe' • f fariticr< It fiitut haw 
onditioni in wbich cotton is grown m the heaMer roils south 
immediately north of il or-- 'ery difTercrit from 
rja'er ttve IKocan, Kn'hnwar and ^ rt>i (bijrr.ii It mighl 
sibiJjla m the irrigated rollons of N..rthr-n In lis nnd Rind, 
idv in esnle-iee' nuicral exi*eneme ap|-ars to i.i.li ,tr ' 

5 tm.n- f. llftlMiu'^ .!.»•< 1K.I III- '■•■M mi .iiv r. v. i, .n. I 

til- liiiiicm: of miiiiir- on loi- -I H'f .l-nnl-li i ■ t- ■ - 

M>U- rerrsini'Tg etamjiV of the use of grr » man'iring is m 
!< i(? te fotn,! in orihar.l tadlivati-i wl’-re Ih- gro^ th of , , r..,, „f s;,,,,, 

tildes liaiic in the mon'O'O, nle> the orrinrd m still s.nng. bdh 
egrlab’e crap, if taken and the future sue ets of lit oriliard 
wlieh cn‘ls but little appears o'.e whl'h <«i-iU| !.« aicaroasly 
■ >d orthard* » »w coming n'o Iting with Jhs 


Th. aaork at Scrat would indicate that n more effe In 
iJf-a.lloTo? o,-r , nWc M-f. •>’ ."oci..™. 

folbwril bv the sowing o! j»nr- 
sowing of 'a rcmi nbi variety 
leen adopted as fehl prnctic 
ever Im* re..!i‘ed that the c'’"-' 
of the Narbuda or 
those wimh pertain^ 
jiowever appear 
if no* alrc 
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while 


frrlilitv 


it* invri«i 


old ve 


This }, n pra-tue wl mh cn*l» but 
mliiom-J in nimy of r--nflo f i 
It 'ceasing intere«l m *ruu ftiltnie. 
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APPENDIX II-E. 


Kecent advances in green manuring practice. 


(K. R. NARAYANA IYER, Dirttlor of AyneuUute oflrf Fithtriti, Travancore ) 

In Travaarore greta leaf manures are now generally being Jtloughed into the 
cuddled soil before towing the paddy teeds or transplanting the ecedlings When 
the seedlings establish UiemseKea a top-dressing o'’f a nitrogenous manure like 
ammonium sulphate or a combined nitrogenous and phoiphatic manure like 
ammophos is giTcn. Studies m the latioralory on the course of absorption of 
nutrients by the rice plant showed that it took up most of its requirements during 
the first few weeks of its growth. It was therefore considered desirable to ascertain 
if green leaves as they are now applied decomposed snificiently quick 
to yield all their nitrogen to the crop during the stage when it rapidly absorbed 
this nutrient. 

Experiments were started with the leaves of Vahs fAlbizzia lebekk), Paagara 
(I’ongamia glabra) and Rortia (Thespesia poputnea). Cuttings of these at the stage 
of maturity at which thev are generally taken for manuring were obtained and their 
total nitrogen determined. Samples were then mixed np with paddy soil and 
allowed to decompose in flasks nnder paddy land conditions In another series of 
flasks under exactly similar conditions, manures ordinarily used for top-dressings 
like ammonium sulphate and ammophos were mixed up with the green leaves at 
the time of introducing them into the flasks The progress of decomposition of the 
manures in both the senes was carefully noted for a period of three months It 
was found that the rate of decomposition of the green leaves varied with the 
total nHrogtn content of the manures employed, satisfactory progress being 
observe 1 only in those flasks in which it was not less than 1 0 per cent AU the 
green leaves experimented with contained only less than 1-0 per cent, nitrogen. 

Those experiments suggested that the present practice of applying green manure 
alone in the initial stage was not satisfactory. To get thd full benefit of the 
leaf manure it should be reinforced with a dose of nitrogenous manure large enough 
to raise the total nitrogen content to 1-8 per cent. It therefore appeared to be 
advantageous to combine in one early application the green leaf manure and the 
nitrogenous manure now generally reserved for top-dressing at a later stage To test 
out this inference a senes of experiments w«re conducted in pots in the poteulture 
house on the Vitlsiramindan variety of paddy Each treatment was quadruplicated 
and the yields were of the following order — 


No-manuro .... .... 100 

Green leaf manure alone .... 127 

Green leaf manuro-f-anunonium sulphate eiraultaneoirvly 

applied .... , . 20t 

Green leaf manure at one siage-i-amraonrain sulphate top- 

dressed three weeks later . . . jqq 


In view of the advantages noticed as a result of the combined application, the 
experiment deserves to he tested out on a field scale under a variety of conditions. 
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APPENDIX II-D. 

The preparation of composts from waste materials. 

IK. R, N-^RAYANA IYER, Director of Affrievlture and Ftshenes, Travancore.) 

A great deal of work on the preparation of composts from garden sweeping*, 
street refuse, etc., has been done in Travancore The first experiments were in pits 
wherein the materials were stacked in successive layers each layer being moistened 
with an emulsion of cattle manure A small quantity of boneraeal was also scatterecf 
over each layer before the next layer of raw material was added. Finally the pits 
were covered with a layer of earth about six inches deep and were protected from 
guii and ram by means of thatched sheds The pits were opened after a period of 
three months, the contents tboronghly mixed up and moistened and left as such a 
further period of eight weeke or so with occasional moistening and stirring. The 
final product obtained by this method was not in every instance quite satisfactory, 
not being quite homogeneous in textoro The chief mistake often committed by 
the ryots in adopting this method was the compacting of the layers by pressure 
which made conditions anaerobic and which consequentiy delayed decomposition 
Although covering the top-layer with earth helped prevention o*f loss of moisture 
by evaporation to some extent it interfered with active decomposition. There was 
also not enough rise of temperature in the pits to kill weed seeds or infections 
organisms in the raw materials used 

An improveroenl in the method of preparation of this manure on the hues 
suggested by Dr Fowler of Bangalore has been tested with remarkable success by 
introducing a process of activation. Briefly, this method consists in stacking the 
material on the open ground moistening it with cow-dung solution to which a little 

bonemeal is added and then stirring it thoroughly once every week In the course 

of about 3 weeks' time the material begins to decompose when one half of it is 
removed to form a 2nd heap \»hile fresh material is added to the first help to make 
it up to its original sire In another 3 weeks* time one-half of this 2nd heap which 

has further decomposed now is removed to form a third heap and a corresponding 

quantity of the first heap l« removed to the 2nd heap and so on fresh material 
being always added to the first heap. Herem we have a senes of heaps with the 
raw material at one end and the finished product at the other The advantages 
of this improved method arc,— 

1. the decomposition is essentially aerobic: 

2. there is high rise of temperature during the decomposition — as high as 60* C 

enough to cook up all pathogenic organisms and weed seeds; 

3. the resulting product is quite uniform and thoroughly homogeneous; 

4 the process is continuous and the finished product which is of a very high 
quality becomes ready once in eiery three weeks' time or so 
The principles underlHng this unproved method have been quite successfully 
adopted in the preparation of compost from the nightsoil and city refuse of the 
municipal towns of Quilon. Trivandrum and Nagercoil in Travancore 

Experiments conducted with nightsoil compost and ordinary cattle manure on 
different varieties of p.addy under identical conditions have shown that the compo't 
in every case gives higher sields both of gram and straw than cattle manuie, the 
crop yields being of the foIIoTiinp order — 

Treatment. Grain. Straw. 

No manure ....... 100 100 

Cottle manure . • • • 163'8 110'4 

Nightsoil compost 248-0 174-4 

There is considerable demand for the compost and it is very popular with the- 
ryot.s * 
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of the prepuratory tilUce operations end paddy leedlingi were transplanted. Th» 
crop jields are given below. 

Quantity Average prain^ 

Serial llatcriala used. applied yield for 4 

Xo. per acr» yonra.^ 

in Iba. in lbs. 


1 

Phyllanthus leav’oe . 




4,000 

2,351 

2 

Tamarind IcavTS . 




4,000 

2,032 

3 

PalmjTa leavoa . 




4,000 

1,800 

4 

Vrah leavoa 




4,000 

1,000 

5 

Peranda atoms . 




4,000 

1,080 

6 

Plantain atoms . 




4,000 

[1,802 

7 

Clicck plot . . 



• 

A'll 

1,500 


Ar examination of the results gi\en in the above statement shows that tha leaves 
and stems of all the>e diflerent materials have considerable ameliorating effect on 
alkali Injury, the leaves of Phyllanthus (Emblica olTicianalis) ranking first 


Experiments with sulphur and sour leaves deserve to be repented on n larger 
ecale and under a variety of conditions in other parts of India also where the 
problem of reclaiming alCah toils is no less serious 



180 


APPENDIX n-P. 

Eecent advances in alkali land reclamation — certain experi- 
ments in Travancore. 

R. NARAYANA IYER, Dirtctor of AgrieuUvre and f’WeriM, Travancore' 


There are large areas of nlkali roils In South Travancore lying more or less in 
a barren condition now. The defect with them is that they possess an abnormally 
high PH., oiring to tho presence of torio concentrations of eodium o.irbonate and 
Bodioin bicarbonate. The first e-Tperiments with these I'oils were designed to wash 
oF the injurious salts by irrigating the lands eopiously with non-alkaline water, 
and to drain them away. This method did not prove successful because after 
parti 0 le.Tehing the soils became defiocculated and impervions to the penetratioo of 
any further quantity of water. The sodinm ions reacted with the clay and hnmus 
In the soils forming sodium clay and sodium hnmates Further leaching was 
ineffective and deleterious concentrations of alkali salts always persisted m the soil. 


On analysis, these soils were found to contain a fairly l.nrgo percentage of calciom 
This enggssled the possibility of replacing the injurious sodium ions in the soil 
trilli the beneficial calciom ions All that was required wss an agency to ineiease 
the solubility of (he calcium minerals. Dr. Lipman had suggested some years ago 
fbnt the biological oxidation of elemental solphnr might effect this change, convert* 
Ing the sodium clays and sodium humates Into normal calcium clays and calcium 
hnmates 


The process was first tested in the Laboratory The soil which contained 150 
p. p m, of carbonate and llCX) p p m. of bicarbonate was treated under aeroluc 
conditions with elemental powdered sulphur in three different proportions. It «\ai 
found that the .addition of sulphur at the rate of half a ton per acre resulted in 
(be complete disappearance of the carbonates and reduction of bicarbonates to a 
• erj considerable extent 

Vhe results of thc'e experiments were tested out under field conditions in 
S cent, plots to which powdered eulphor wan applied nt the rate of half ft ton 
per nertv a few plots serving as controls- To promote aeration and oxidation of 
■sulphur the soil in the plots was plonghed up eierj* fortnight When crop' were 
raised in thf«c plots the yield from the sulphur treated plr>(a wa^ almost double the 
vield of the control plots* The experiments were repeated for a further period of 3 
years and thereafter only cattle manure was applied to hath (ho eTr'erimenUl and 
the control plots The exnertment.al plola bear an excellent cron of paddv every 
vear, while in the check plot crops fail very Kxdly in patches The resldnal effect* 
of snJphur were found to be lasting. 

Although these experiments prosed quite successful it nns thought th.st they 
were ft little beyond the reach of ordinary and poor irots. Experiments were 
therefore initiateii to eeo if these lands could lie successfully reclaimed for cnlUvi- 
tion bv using cheap and easily nvathble materials like different kinds of sour leavei 
and stem* whirli would neutralise alkalinity, nt the same time enhftn''e the humus 
content* of the soil. 


The following materi-il* were n«ed for (he experiment : — rhvlHnthai le.ives 
fEmldiea offieianalis) T.smarfnd leaves (Tnmnrindns Tndica) Pnlmswa lenre* 
fRonsstis flxl>el!tfer), Vrali leaves (TJodoni Visrosx) phinlnin stems (Mno I'ar.i- 
discia) nnd Peranda stems (Vilis qnadrangulins) 


The experiments were carried ont in five cent* plots and rich treatment wn 
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"to collect all the waste organic matter on the farm and turn it into compost Ihe 
following simple conditions for the preparation of compost manures have been »oand 
to gne good results 

(n) Suitable composition of the waste material for composting. It has been 
found that for proper fermentation it is essential that there s’lould be 
more pentosan than lignin in the material. 

(fi) Suitable supply of some readily available nitrogenous compiund, so a< to 
furnish .in easily avaiKhle food supply to the organisms which decompose 
cellulose 

(c) An adequate supply of moisture 

((f) An adequate supply of air inside the pit, dependmg upon the nature of 
the raw material and Us degree of compactness 

(f) A neutral or slightly alkaline reaction inside the pit. which can be obtain- 
ed by mixing some ground limestone with the fermenting material. 

(/) Presence of proper minerals It his been found that phosphates play an 
important part in bacterial actnuy 

I! some urine soaked earth mued with dung is spread in a thin layer over 
•alternating thick lajers of the raw material, it will prose useful in retaining the 
fementation products 

Wrecn .Vonunny. — The economics of the practice of green manuring were dealt 
witli in an experiment conducted at Gurdaspur by taking into consideration the lesi- 
dual effects and it was found to be an economic proposition The results then 
'obtained were submitted to the first meeting of the lloard of Agriculture, held in 
February 19^ Since then a number of experiments have been carried out oud it 
Ik now well established that greeu manuring is one of the best and cheapest 
methods of maintaining or increasing soil fertility, chiefly m tracts where sufficient 
urigation water is available or where Ihe monso^ starts early It has been fiund 
•at Rawalpindi that under the conditions obtaining there Athar does very well as 
A green manure crop, for it can germinate when it t« still fairly cold, and thus pruvida 
a sufficient amount of organic matter which can be ploughed in early m the lea'on 
Olid can thus disintegrate thoroughly during the ensuing monsoon period The 
choieu of the bc«t crop for green manuring will vary with the local condition and 
111 the Punjab, Giura, S<in hemp. Aihar, Dhauncha are among the most impoitant 
ones which, depending upon tbe*e are employed for this purpose. The question of 
winter green manuring deserves epectal attention. At Lvallpur, Senji used si, a 
green manure for cotton gave a aignifleant increase in yie^d. 

Artijfcraf* — The use of different artificial manures as a regular practice in farm- 
ing in the Punjab cannot alwaia be recommended The experiments ronducted lo 
fur show that the application of nitrogenous manures in amounts Ic>s thin 20 lbs. 
nitrogen per acre to wheat and cotton failed to increase the yields significintly. 
The Punjab soils do not eeetn to respond to the apjilication of pota«tic fertiHiere 
although a definite response to aujicrphoephate has been noted a* Rawalpindi In 
view of our results obtained with artificials, it seems ja'liflable to start, wherever 
jic'sible, experiments on factorial designs in our field trials embodying a itudv of 
all combinations of two or more factors and so arrance that the numler of treat- 
rrepts to be tested is not so large as to make it impossible to ehmma'e soil fertiUtv 
•Cifferencps adequatelv in which ea*e confounding should !•« resorted to This wjl 
give the I'isil iJes of the responses to different treifmeita and their combiraiiona 
and we could then laiout cur trials with epecified objects in new, ty., the best 
r, O, ratio, time of application of different fertilirer combinatigns, etc., ete. 
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APPENBIX II-G. 

A short note on the mannrial experiments in the Punjab. 

(Du. P. £. LANDEB, I.A S , Agrtetiltural Chcmat to Govtrnmtnt, Punjab, LyaUpur.) 


Manuring of crops for increased yields has been an important lino of investigation 
to i\hich the Punjab Department of AgiicuUure has devoted a considerable amount 
of attention It is well established that the application of F. Y. jf. to tho soil 
IS \erv useful. Since, howeser, this manure is not available in quantities required 
foi efl’icient crop production, it is essential that its shortage must bo made good by 
the u«c of ether material rich in necessary plant nutrients. For maintaining the 
requisite amount of organic matter in the soil the use of compost manures and of 
leguminous crops as green manure have been studied as a complete or partial substi* 
■tuto for F. Y Sf. The effect of different artificials — nitrogenous pbo-phalic and 
pofaesie— has also been tried separately as well as in conjunction with the different 
tj-pes of organic manures. These trials were designed to yield information which 
could be of practical nse to the farmer. The experiments are in progress both on 
bar.mi and canal irrigated toils at a number of different Departmental Agricultural 
Stations A considerable amount of data regarding the rchtive value of different 
types, of manures has been collected during these years Tho main conclusions arrived 
%t are pre»ented in this rote. 

1. Efieet of F. Y. A/., Son Hemp compost at liaicalpindi. 

StJMMARr or msciTs 


Trentmcnt. 

1933-34. 

UTioat 

grain. 

Forcentflge incrcaso over untreated plot. 

1034.35 

(Itesidual 

ejfeets.) 

tMicot 

groin. 

Khartf 
1035 
{residual 
rfTceta ) 

Chnri 

fodiler 

1030-37 
{licsidual 
rjjects ) 

Wheat 

gram. 

Remarks. 

1. 6 tons F. y. M. per 







Tho crop wns 

17-33 


4-45 

Diis rxpi-ri- 

2. 10 tonsF.y.M. per 

destroyed bv 

40-85 


10-83 

mrnt is 

acre r r « 

CJirotogonus 




bi’ingcon- 

3. 15 tons F. y. ar. per 

apccjcs. 




tinned. 

ncro . 






•4. San hcrap comjiOflt 


15-34 

17 71 

3-48 


Do. = 2 X 


35-54 

15-04 

IS 33 


Do. » 3 X 


61-56 

41 53 

21-31 



From the above it will be seen that the effect of both the orgsnic mannfei is 
iefiniti and m He c«o of Ite leovj- dole., it i. ..smCrant cron «[ler heree.lloff 
three crons \a a matter of practical importance it con be solely recommended that 
ini. ^nnllcalion of F. Y. M. or compost manures in lunicienl quantities ensures a 
.nfr.cienrv of organic matter and os judged from nctiial crop yields maintains sod 
fertil tv at a faiilv high level of crop production. Compost maourea prepared by 
decomposing green 'leguminous crops sueb os San Iiemp and Arhar, etc , in pits have 
al« Iwen tried at Raw.ilnindi ond Gurdaapur. Owing to a shorter duration and limit- 
wA n.,mber ftf trials it is not safe to fonn onv definite conclusions. The indicallcms, 
ho™S"t. Ihj; M,ipo,l n..n=r.. «. inferior' Jo bolh F. Y, M, no J sr-r» n,.nor.. 
Tt m.av be mentioned in this connection that the Punjab soils in the plains reioire 
n continuous supply of orgaoie maUtr and that every possible effort should be rnsde 
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APPENDIX II-I. 


Note on green manuring on the Deccan Canals area ol the 
Bombay Presiflency. 

(V. V GADGIL, De/'ufy DtrtttoT of Agnevlturt, S C D., I'oona) 

1 iNTItODCCnON. 


V«’A\i Gie mcieast in p« cart, load ol Facmjard manucc upto Ils 3 as a vcsnlt 
ai great demand for the stuff on account of intcnaivo farming on the Deccan CanaU 
manuring of the irrigated crops with coarse organic matter became a great problem 
and again the meagre number of cattle per holding limited to a great extent the 
iiipply of sulTicient Farmyard manure required for urigation fanning The atilntion 
of these din'icnltiea could he found, m recommending sann green manuring as the 
best and most economic source for the supply of organic matter to the soil to 
maintain its texture and structure and to con«erse its fertility ea-cn such a heavy 
luul intensive farming as is generally invoUed in ciaapping the land Under a canal 
Urigation A couple of years after this recommendation ivhich nas done by actual 
practical demonstrations in the cultivators’ fields the practice of Sann green msnuriug 
IS very rapidly becoming more end more popular »o the cam! area as will he seen 
from the quantity of seed of sann uhich could l>e distribute 1 on Deccan Ca <aU by 
the Department lor the purpose of sann green manuring m addition to the seed* 
preserved by the irrigators themselves from tbeir eann crop of the previous years*— 


Vear. 


losa.so 

1020.30 

1030.31 

1031.32 
1032-33 
1033.31 

1031.33 
1035-30 
103fi.37 


Qnantites of 
aann 

distributed 
by the 
Department 
Lbs. 

1,000 

10,000 

20,000 

l,32,0tX> 

R1,<GQ 


75.000 
50 000 
S3,3eO 
31.260 


Tilts work is now autrusted to Agricultural requisite Sxirtiei 
and several local mercbanti are eoppljing the asun seed dire-'tly 


on all the csDala.. 
10 the cnliivators. 


II. AnvavTaots, 


Sann green manure la recommended ae it can moit efTieientlr achieve the follow 
ing objects i— • 

(1) It is the l>est and most economic anlwtltnte for farmvard nainre for Iba 

aupply «f humus to t!>e eoil. 

(2) S»nn crop prvienti wecls »dJ eradicates Ibe esl«ii"g deep rcotel aeeda 

like f^rel/1 and ly checking sle-r gnjsrth 

(3) Tlie aann crop I nn;s |dant food from the deeper lasers of lie *■> ! to ita 

upi'rr layers *o that it may be «»ed vp by tbe ci^e 
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(NOTH IJV n.\0 ?.\inn K. J THADANI, D,t(tt,^r d ^^nrulturr, Sinrf) 


Sintl IS n t\picil nrld country with scanty rainfali — the ritcr Indus with • 
Ibnajre nt Siikkiir ond a net svork of pcreniua] canals supplies the irrigation water 
for the cultnntion of crop* The soils are jxwr in orgstiie matte' and nitrogen 
conlenl In the past, i.e., hcfore the adsent of the perennial cnnils, there were 
long fallows as the intensity of rultiratioii was small and thus the fertility of the 
Ijiid could be well maintained. 

Now under the present system of perennial canals, the in’ensily of cultivjlion 
Ins consid'rahly increased— the old fallows arc no more po*stbio The problem of 
niainlcnance of sod fertility ha* assumed gre.at importano*. 

1. /nrmyor.f tnfrnure nml rt»mp.>sr.— The qiianfifv of farmyard maniiro pro- 
duced is two sm-vil and insuflicieni for the msmienancc of soil fertilitv. At the same 
tune, the method of wmserrtng farmy-ird manure is wasteful I'ho Agricultural 
1‘rpartmeiil In .‘Jitid is mhoeatiui; (he practice of nnintaining mmitnum numb.T of 
liM-stock consistmt with crop giowhic and at (he same time lays great stress no 
ci->ii«erv.ation nf crop residues .and waste organic materials and conaertiiig them 
into useful OTg-'nic riauuri's, f.j . compost The Indnn- mdhcid ns d(stTiU-<l bv 
Howard and AVnd has not been found to be suitable for Smd roiidHions This has 
hren greatly moilified and a new improaed method of preparing compost m heap* 
abnae piound instead of in pits ha* fieen found out and has proved to be simple and 
clK.ap and at th* same lime a high grasle nt-anun* i* produad ly iln* mellied Ihi* ha* 

been iies(.ni>eil in I.eaflel No S2 of the .tgricultiira} Department in Sind Confiost 
made according to this method is ready for carting to the field nt the end of 3 

nonfh*. Fifty carHolds at compost per pair of cattfo maintained ■an be made eich 

ye.n' and very little adihttonal tal<oiir other than is asnalty eniployerl in c.are of 
cattle and cleaning sheds and si.anding<, i* necessara 

8. <7ffrn m/Trti/nny.— In order (o encourage cuhia'alers in the detrnt to take 
step* to niaint.ain the fertility ot their (and. (soa-emment of Smd haae graiite<i im 
piriant concession* in connection avilh (he cuKisation of grern manure <n>}>* which 
are permitted under certain conditions to i*e citlllaaled free of assessment ‘•>j f»r very 
little advantage of these eonceisions has l>een taken in ihs ilisirKis Tha syitrin nf 

land tenure in Sind, i samindar and A/rri (tenant! the rapid ettension of rottoa 

(iillirslion and the inherent fertility of Find foila are all f.aitori wlnrh mililata 
arainit the evlension of green manuring in the Pruvin'# Th* following inaastiga- 
(son* are being carrie>i out : 

(a) TTie suii.ahiliiv of sann hemp and ywirr (cluster bean! and other crop* »s 
green manures 


(t) roRiparalive value of lhanf and rabi green mtnure cn»(s 
(e) Oreen manuring a* «mpjre<l to the eiTects of a Iryiiminoii* crop grown 
and liarrested 


(ifj Itelatue merit* of application of identical quantities «'f fertility ingredient* 
to the soil III organic and Inorganic form* 

The practice of growing -rvaf (flu«ter leanl m alierniie row* with rotion for 
green msntiniig purpn*e it *I»o (•eirig (eited *n a large a «V an 1 ha* given etcellsnt 
result* in many /'lace* 


5 Arlifi'vil m-uiurr* — In .®ind s minimum lsa«fc d >se of a bulky orgml' m*nore 
it rcniirlrrfd receisarj in all eiperiment* with artifi'nl nanure* owing to th* 
lack of organic ratter n thr eoil and lint »alin* nature of U ' *>''1 A top dmi 
iw • of * I'j'Sste of ammonia to tbe <t>ttnn mip at the time if f! iwerir.g h*s 
found to i'e |.eoeficisl The wheal crop ha* al*> t'een fo'ir 1 to reipon 1 fatoarally 
to the •pidicaliou of ••ilpbt'e nf amm m t on a pte^e of land w*ii. b bs ' 
troj'ped with }iw*r an I ssbeaf to I rng d>"n the ferflli'j 
as |^» rtha-ii! li for p'lrp'je of su h rt^ianntl csjcirrent 


i 1 t-wen 
lb* soil 
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(4) Ffn’fin nnd timt ff Thp »ei«on for rowin;; mnn is (ho Kharif one 

II IS not tried in the Hahi reason Generally it H sown «s n roon«oon crop after 
the Ifith of .l«ne i.e., n 'sreek after tl«> Itteik of tlw monrcvin. The Vigour and the 
piowth of the crop are ju»l nonnvl when aouii after 15th June Hut it i« oh*cr'fd 
thit rowing it jn the last pirt of the hot neather i.r , hetween 15th May to 5lh 
June is he»t ns the Tieonr of gronth of •uih » crop is excellent and conseijoently 
rtirr" creen vreicht I* obtained ftome irngatora nrgtie that sowinn rann in April 
piTc« them eiill hipher neipht of Rreen matter, this may h» true when there arc no 
heavy hot winds, or el«e it maa 1»“ scorched hy heat in the very young stoge of the 
crop’ It is noticed that eann crop sown m April is liaMe to attack hy insects itmall 
preen catte rpillars) and on account of damaze to «ann crop hy the*o insects sann 
crops of some irrieators have failed So tinder the climate of Bombay-Deccan 15th 
Mav to 5'h June is (he he«t time for eowinp of sann as is fond to le the experience 
of the last several aears 

'51 Srerf rote nnd sc'n'a^ —The seed rate of sann vanes fiom 50 to BO lbs per 
acre according to the Und of soi> heavier tjpes of soils requirinp more seed rate 
as the population of the pi *nt» fnom more see<I rate per acre gets sufRcient 

food from such soils; while on lighter tapes it is Iietter to sow 60 lbs of eeed only 

Sowing is done cro««-wi»e by the local seed drill having coulters 10" to IT' apart 
Where the soil is infested with more weeds a thicker seed rate is advocated so that 
the thick crop does not allow the weeds to prow and naturally they are 
Suppressed 

Sowing in hot weather is done hy first flooding the land then waiting till‘wspa»a 
i till the land is assessihle for sowing operation 

(6) /mjfftton.— If the crop is soten cn 25th May hv flooding the land on 22nd 

Mar (he 1st irrigation will have to W given on Slst Mav Then comes the monsTon 

and only during very long breaks of rains it requires 3 to 5 additional waterings 

in the inon<oon season If the rainfall is suflicier.t and evenly distributed it requ'^ei 
«nly one watering or no watering at all During the jear of scanty rainfall one 
wstering may be found necessary after burying in the crop to help its decomposi- 
tion 

(7) rime ef cutting end 6i/fy«n7— The crop just flowers 2i to 3 months after 
rowing I! the crop is' sown on 25th May it will t>e reody for catting and burying 
into the soil in 3ro week of August. 


IV WeicHT Of Gnrzx Miitdi rin Ac-nc 

The weight of green matter per acre anties on different kinds of soils but for 
medium soils the average weight of green matter vanes from 20,000 to 25,000 lbs. 
It will be seen that on Nira Bank Right Canal where »oil is devoid of previous organic 
matter the weight of preen matter h.as not exceeded 17,800 lbs while on Nira Left 
Bank Canal due to contmuou* manuring under irrigation for the last 40 years the 
eoii has given the green weight of sann up to 69.800 lbs This weight of green 
matter of sann crop per acre depends on several factors as explained .above 


T Cacsfs or FAiturt or Savn Crop 


(a) Sod. — The faetora which lead to failure of saiin crop as far as soil is con- 
cerned are water-logging alkaline salts, heavy stiff soils of bad texture and very 
shallow light soils devoid of oiganic matter, and with less water holding capacity 


(5) Climate . — Under this beading aerj hat winds at ihe joung stage of the crop, 
cold weather and cultivation out of season are the factors which are unfavourable 
for tco sann crop During some seasons it is obsened that if the sann crop is 
sown late i e , in July or even in the last week of June u gets ready for cutting and 
burying into the soil by. the end of September and if there are very heavy rahi rami 
m the middle of September the operations of cutting and burying into the soil of 
the sann crop are so mu'-h impeded, that some times they become impossible and 
the crop has to be left for production of seed the yield of which aUo is not more 
than 30(3 to 500 lbs per acre on accoimt of the dropping of pods in the heavy 
September rams ^ 

Ic) Duea.e— The sann ciop is affeued with a disease called wilt which was 
observed on the Manjn Farm and later in the districts This prevents growth of the 
crop but it IS not prevalent to the extent of any appreciable damage. A wilt resistant 
attain of sann has now been eiolved and it will solve this difBcuUy. 
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(4) Saan green manure increases the fertility of the soil by the supply of 

nitrogen in the sann plant and by mtrogen fixation from air bv the 
loot nodule bacteria. * 

(5) It improves the water holding capacity of light 83>ls by flocculation of soil 

paiUcks and of heavy smls by deflocculation ol soil particles 
(6j It gieatly improves the texture and straetiire of soils so that they nroride 
a good stronghold for roots of ciops by allow'ing them to go as deep 
as they ran. * 

(7) It increases the aemlion of soils so that the actnities of soil organisms 
ilactcrsa) such ns nilnfication and nitrogen fixation in the soil are 
accelerated which processes are quite essential for Che life of a pla.it. 
i3) It increases the power of percolation of heavy stiff soils. 

III. JlfETnoD OP SiKw OBEE.V Maxuiiino 


fo) Sann green roamning is done by first growing the crop a? described below 
•and then by burying it into the soil iramedialolj' after it begins to Sowee, by catting 
the first few rows of the crop, working a plough, putting the cut plants in the 
fnrrow opened by the plough and then taking the nevt turn of the plough so that 
•earth falls on the pl.mts covering them fully. Sa'ond ploughing is found to be 
aclrantageous. a month and half after burying the man cTOp as it helps towards 
decomposition by aeration and by further mixing of the half decomposed portions 
of the plants with sod 

(b) CuViration of •a»n crop — (1) Soil — The sann crop docs well in light, nictlium 
black and heavy bkicJc roils of the Deccan. The x’anatioii in the green weight of 
tann crop per acre la from 7 360 lbs to 17,424 lbs. on light soils, from 11.040 lbs. 
to 69,300 Uw. on medium black soils, the latter ivcight having he»n obtained on ths 
pood Tcsidtt.il m.-imue after sagarc.'me crop and from 23,760 lbs to 33,420 lb* on deep 
Mack soils on Xira Left nanlc C.ina] 


Ileip the substratum for light aiul medium Mack mmU i- “A'ft inurum wlu'e that 
of the deep hJ.ick «oil is sh.adu. Smu crop is icportcil lo h.»\v f.\ihd on lory light 

shallow soils ftud xety heavy stiff soils on arc^wwt <'{ jvar itT\‘vtth Stilt however if 

whatever green weight is olit.a»ncd on such eoib. birird m ti i* hoped tbit sina 
pieen manuring on such soils al«o will impr.we ihnr phiii.j! ivnilition 

On wjler-Jogced and •.alt ftfTccled eo«l« siuu dvv« m'? ijeiminafe a^ h found to 

be the experience of (he salt land l-'arro at Here cerntin.ition of eann is 

taken to be a text to see whether the lan.l r.vUi’»icvl oi ti't after iva'luag off (ho 
sails by flooding, percolation and open nii.l «l."ed 

On sliffhtly s.xlt affected soil of llic l^iiii •'.biv't *nm <ro.'' his fi'oi 22,000 lbs 
irreert weight which is an nveragr figurr for ihrce leirs 

So it will bo scon that Mnn does welJ on « "‘do rnnjr of sod# 


(21 Ci:rw!/-(i,t -S-mn pm.. 


does well under less than (lie aI»oii 
di'tcifiuted rn (h.it ihe itimatc •' 


runfaii *l«o provided the rainf.iU i# TOiro evenly 
humid which is preferred by tl'C ~rop. 


to be nn important factor in 


(6) Teniriertifiirf — T< mperatnn* does not appear - . 

Iho callir.l'o.. ol ,.„.n il .. found In >6 Joms » "S'””' ”°S” 

in (cni[)eratures 

(.1 /lot mrul-.-Ttfo nlm ilo not Kfir. (o ollccl ll.o '..no crop c-toepl ptrlnp' 

in (i,o pm».h of ■"* 

>ounger sWpe when it may be m a position to stind leri not winus. 


fX. Pf/iyrrolnrti rdflMf-fff} Phuyhing.^lt the previoui crop is coUon atler 
f3j ‘ emn the find Will liAlC to be ploughed up onc* 


cane or eicn after any deeprooled crop the lind will liaic to I 
at lc.ut 

Jouar or wheit l«o hsrroW; 


ifnr, for the Mwinc of sann. 


189 


These profits nro taken on the safer side Adding Rs. 20 or 25 to Rs 43 the 
<cst of sann green manuring the som arrived at is less than Rs 75, the cost of 30 
cart loads of S'armjard manure and hence their argument is not correct. As there are 
^erJ• great advantages from sann green manuring in addition to its economic cost 
this kind of argument is not in any way forcible in favour of Farmyard manure as 
against Sann green manuring which is being advocated with all means possible. 

Vll Eftect op Sinn Green Mandiuno on the YtEtns or Scoarcane Crop as 

COMPARED TO THAT OP FABUTARD itANURE. 


The following statement indicates the results in favour of sann green manuring : — 



Sann green mnniire 24.000 lbs 

30 cart loads of Farmyard 

Year. 

weight coat Rn. 60. 

Manure cost Rs 90. 

1029-30 

9,481 lbs. Oul. . 

9.216 lbs. Gul. 

1930-31 

10,090 lbs Gul. 

9,846 lbs. Gul. 


Moreover in the crop to which Farmyard manure was added the weeding ex- 
penses were Rs 15 per acre as against Rs 6 in the case of the crop taken after 
sann green manuring because there were very few weeds in the green manured plots 
while weeds thrived more in the plots of Farmyard manure 

So also m the case of /ou-ur and ^Vheat crops the yields are incre3<ed consider* 
ably as shown below 


Year. 

Crop after eann green 

1 No. bo: 

nn r.w.n 


manunng. 

manunng 

Remarks. 


Lbs. Grain 

Lbe. Grain. 


1929.30 

992 „ . 

6S8 „ 


l\Tieat 

1930-31 

844 

606 



1028-29 

2.3S2 « , 

1.702 


Jowar (Soil very 
good ) 

1029-30 

840 „ 

316 


1030-31 

1.307 

734 


J”"" 


1 

s.„„ 

Without 


Year. 1 

preen 

grts-n 

Remarks. 



manunnp. 

manuring. 




Lbs 

Lbs 



I'wM 

, of irAear 



1031-32 


528 

224 

Dtn. 

1932-33 


1.4 1C 

P27 

Imgsied. 

1033-34 


' 1.335 

TO'. 

' !>■.. 

1034-3.1 


I.lin 

SA'O 

I-. 


l’»<J<f ff 

aJUr *^nn 

Kren tn>7n«< 

rinj. 

1034-35 


j 1.4^ 

1.015 















VI, EcoNoaircs OF Sank Gii«en MAWin:r«a A« compahed with Jjarmvard Mavum, 


,•„ of nitrogen from sann green niaourmg cm be calculated by work- 

ing out the tigures of cost recjoired for it which are detailed below 


fl) One ploughing. 

(2) Two HfliTOwings 

(3) Seed 60 to 80 lbs 

(4) Sowing . 

(6) Irrigntion labour 

(6) Irrigation Cesi 

(7) Cutting sann crop 

(5) PlougJjing in sann 


Rs. A. p. 

6 0 0 

2 4 0 

.3 8 0 at 20 lbs. 

per rupea- 

1 4 0 
0 8 0 

3 0 0 

2 8 0 
7 0 0 


Total . 26 0 0 

(9) Rent of augarcana land . . . . , . 15 0 0 

(10) Interest on I?3. 26 at 0 per cent . . . .200 

Grand total 4S 0 0 


yield . 


So the unit value of nitragoa from 
aasn green znaouring i$ . . 

One cart load of Farm yard manure 
contains .... 


a«20,000 to 26,000 Jbe. rf green matter 
which contains 45 per cent. Nitro- 
gen. 

«»101 2 lbs. nitrogen from 22,300 ibs- 
forRs 43. 

«Re. 0.C.0 

*«600 lbs. of matter containing 5 per cent. 


Value of one cart load of Farmyard 

manure .... e»R« 2-8-0 
So the Unit value of nitrogen from 

Farmyard manure . . • '*Re 0-10-0 


ThtJ« it will )ie seen that sann green manuriog is cheaper than Faimyard msoure 
and has the additional advantages e.tplauied above 


Some irrigators argue that s.inn greeu manniing they lose one ?”P 

is wrlv variety of groundnut or Nilwa Jouvr for fodder but the foliowmg state- 
menta “clearly show that even though the Xhanf crop is lost still sana gceea 
manuring is more profitable than applying Farmyard manure i— 


Crop. 

CJost of 
Cultiva- 
tion. 

1 I 

! Value of yield. | 

! 

Net profit. 

i 

Bs. 


R*! 

Nilwa . . - • • 

40 

lu. 80 far 0,000 lbs. dry fodder, 
at 100 lbs. per rupee. 

20 

Ground-nut , . . • 

50 

Rs. 75 for 2J Kbandis at Rs. 30 
per Kbaodi. 

JL 
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APPENDIX n-J. 

Green manuring for the Block cotton soils of the Surat tract, 
Bombay Presidency. 

{U. S TATCL. N D D . N.D A , IAS, l^y tht Gortrnmtnt of 

nombo]/.) 

Tho cotton land of Sural tt a IjTHcat, heavy hlack cotton »oil of Gujarat, Bombay 
I'rrMdcncr. Not only the rotl ta heavy hot the rainfall i« heavy and contiaaoua in 
Jnne-luly and even in Aujrn<t xrith few very abort breik*. Under these conditioas 
tie cotton crop maVea very little pro?re«« in frrowth up to lh<* end of Auguit or 
even Scptrnlver. Iteeidev bevvy and cnntinaoua rvinv at the early ‘tifie of eeedlini; 
ktllt the pivnt and re«owini; iv Refe««ary all over the trad in nme ye.ir*. The loU 
l-ein: invrce«eible, weedin;; and interruUiiiing Woomes impo«aibIe and the ^wtb 
of weed* afTecti the eotlon prowth advereely at the vt.vrt and eometimev permanently 
and yield of crop keeps low 

From time to time the Acnrultnral Depvrtinent ha« tried vannua way* to gel 
l-eller yield ef crop in Surat tract with nome anevees The hit *iiece*sfnl effort waa 
made by Dr Mann and Ran Bahadur Bhimbhit bv growtns cotton on 14* high 
ndee* made by repe.vted u*e of Dire harrow by intercultunng between the two 
row* of eotlon* This mrthod was de*ijmed to prevent «aterto{;;ing at the roots of 
cotton seedlinR and give l-etler atvnd and good start to the crop. The yield of the 
crop varied according to the degree of waterlogging that the season caused In 
rear* of lighter rainfall and le«s waterlogging condition for the seedling the jrerease 
in yifid wav less The average re*ukv of the evperimenl earned out for eevea 
sear* show that cotton cn high ridge* with ahvtlow iilhge gave an mcreate of 6'4 
ptr cent, in veld over cotton •own on flat with similar tillage, whilst de«p tillage 
combined with high ndgei gave an increase of 13 per cent in yield Jowit re«ttlt» 
were slightly l>etler. Tlii« show* the liigli ridpe« did not give great increase in yield 
over long period 

With a view to get higher yields another experiment was going on at the 
same tine and the average results of the .application of 10 tons of Famyard mauure 
per acre to cotton crop sown on high ridges with deep tillage over seven years 
showed an increase of Jl per cent m (he aield of seed cotton over n> manure to 
cotton Oft ridges with deep intertillage 

The«e experments show that prevention of walcrlogging at the roots of 
cotton seedlings may give 6 per cent increase m yield of seed cotton and the applb 
cation of 10 tons of Farmyard manure every alternite vears may give an increase 
in vivid of seed cotton by 25 per cent (31 — 6) over long period This is a good 
increase in yield but it is not po«sil'1e to find »africient Form Yard Manure for the 
total cnltivated area even if it vvould pav to apply such a heavy dose 

The close practical acquaintance with the suit and crop conditions in Surat 
tract and the scientific rcraitiny of the experiments shown above sho.v that if we 
are to tackle the question of hicher yield of crops in Surat tract the physical condi- 
tion of soil should be so improved that it mav provide a healthier home for cotton 
seedlings and at the same time maintain fairly good soil condition and aeration 
nece'sary for the good growth of plant Such a method should form a part of 
the fanning practice of the tract, and should be within the means of the 
cnltivator. 

Two things suggested to me — Firstly to find a leguminous green manure plant 
that will grow well and qnickiv in heavy waterlogged soil and DhaxncKa or Ikkad 
l.^esfania acvUata) was selected- Secondly to find a practical way of growing it 
as green manure crop in (he system of crop rotations locally followed without losing 
a crop So it waa decided to grow it in, two ways : (1) by growing it m strips 
between two rows of cotton crop and (2) by growing it before a crop of monvoon 
jowar In Surat District the cultivator grows a row of Sann or few rows of Udid 
(Phaseolui radiatiu) between two rows of cotton sown 4 feet apart and these are 
n<ed as green manure crops after couple of months. I therefore decided to grow 
Dhaincha between two rows of cotton. 

In Surat tract cotton is sown soon after rain but jotpur is sown a month later. 
So it was decided to work out a method of growing Dhainefia before jowar even 
by sowing joicar a' month later. Preliminary experiments were started in 1931-32 
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VIII. Fl'HTher Imvxstjcatitoi K£C£ss\rt into t»e Fonovrsaa Foists. 

(1) Appli/int^ compost of Sann Crop tnslead of burpxnp it in #>ru.— Tho Authori- 
ties at the Institute of Fiaiil Industry, Indore, maintain that preparing compost 
of s.-inn crop and then applying U to the soil girc better results tliati burying it la 
situ explaining that if the sann crop is boned m situ the energies of the soil ace 
rasted la decomposing the sann crop irhtch happens m mnter when the soil has 
got to fac preparing nitrates; and this affects the mtratc formation in the soil 
whereas if the compost of saon is applied, the soil gets rest and natural process of 
nitiificatioii is not hampered 

This matter needs to be investigated by devising soma systematic eiporimcnls 
on the Fadegaon Sugarcane Research Station 

(2j Jpiitifinj f'armi/ord Manure to the Sann Crop— It js the experience ol a 
few imgators cm Godaven Canals lhat applying 10 cart loads of Farmyard manure 
doubles the green weight by 100 per cent. It is necessary to find out how far this 
is correct and economical. 

(3) Smubtaneoui Sann f7reen Mananny. — This w.is experimented upon on the 
Msnjri Farm but quite decisive results arc not .available. The matter may again 
Le taken up for investigation. 

(4] Doable Sana Crecn Manunny — Irrigators liavjng heavy soil* found out that 
sowing fiaim in April burying it m July, reionmg m August and burjing it in 
(icleber for nett planting of canc considetably improves the ph)sie.ai condition of 
thfir soils and give still better results tb«n single s.inn green manuring This jnay 
1)0 investigated from economic imnt of rieir It will have to be seen whether in 
priscnce of loo much organic coarse maiemJ in the soil the existing nitrates are 
depleted onJfig .to their haung been used op by the organisms while denimpesing 
it and tvhclher (he better results a.* elaimed I'v the irngaiors are pDssihle only on 
account of the improvement of the ph.vsieat condition of their sods 

IX Otucr Gnecs' Mavcnt.vo cnnps 

A« etnted Above, tlio Sann does not thrive in the uaiei logged ureas hence two 
crops Ws., /)fintnrf,(t and Shevn [Sfiamn Cfj<ip(i'a) were tried m the w.it6) logged 
arc.as and they have proved very successful The u*e of Slu'vn however is male for 
cattie food aud it is aI*o le<s hardy. Dhmnfhtt l»n« proveil verv tfli;.»eiil i« v gneii 
tnatiure .and has jieldrd from 40,000 to SO.OCO lb" of grien matt'-r per ncre The 
c«ltiv.ator8 on ihe S'lra Left Rank Canal Are n-*w «tiii«ing Dh.ufi Iia /nr gr<oii 
ritnare in the svater fogged areas 

One more crop which has proved very useful for gron inanure (jo'K as the dry 
and irrigetcd crop is Ran-3Iatki. Phnsrolut Tnlnhui This cr<p producr* from 
15.000 to 17,000 lbs. of green matter I'er acre «u.| is e.isih- r/.tien within a minth 
Ibis m-vtiuw is specially *mfabl<» for I'aht Jnunr >nd wheii and i'« e(Ie<t i« very 
maTkcd. live laovl intended for IMt rrops iv gr-ieraliv Kepi fallow and if Itin- 
Mstkv is grown nn such land*, it wi»I seme v«rv ui.did purpott in incrtaving the 
virld 08 well as bv siipplvjng fod<ler t<* 'atile m time" of eme-gcii'y Th" experi 
ments with Ran-SIatki were eonduc-ied «l the Kopargaon Farm an I results ol the 
lari three years are fts follows — 


— 1 

Year. 

VWd orJownr per 
nerc. 

CJi^k j 

1 1 

1 

1 

Remarks. 

Green 

innniifeil 

Groin. 

[ rmMer. 

1 

Ofnifl. 

BB 


Ltn. 

! wis. 

I.bs 

i.t... j 


lWt.35 

l.nifl 

^ 3,27B 

no 

i.<;4t 1 


103';-3^' 

1,3:.5 

4.539 

S7l 

2.203 i 

1 


1039 37 . - ; 

032 

I.I'.S 

0t4 

1,172 1 

1 

‘'e/!*ofi lint fflvoiirable. 
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APPENDIX II-J. 

Green manuring for the Block cotton soils of the Surat tract, 
Bombay Presidency. 

(B. S PATEL, N.D D . N D A , I.A.S , LivtUocl. Expert to the Government of 
Bombay.) 

The cotton land of Surat U a typical, heavy black cotton soil of Gujarat, Bombay 
Presidency. Not only the soil is heavy but the rainfall is heavy and continuous in 
June-July and even m August with few very short breaks. Under these conditions 
the cotton crop makes very little progress in growth up to the end of August or 
c\tn bcpteraber. Besides heavy and continuous rains at the early stage of seedling 
kills the plant and resowing is necessary all oxer the tract in some years. The soil 
being inaccessible, weeding and intercuUuring becomes impossible and the growth 
of weeds affects the cotton growth adversely at the start and sometimes permanently 
and yield of crop keeps low 

From time to time the Agncultoral Department has tried xarious ways to get 
better yield of crop in Surat tract with some success The last suecessfnl effort was 
made by Dr Mann and Rao Baluidor Bhimbhii by growing cotton on 14" high 
ridges made by repeated use of Disc harrow by inferculturing between the two 
rows of cotton This method was de«igned to prevent waterlogging at the roots of 
cotton seedling and gaie better stand and good start to the crop. The xield of the 
crop varied according to the degree of waterlogging that the season caused In 
vears of lighter rainfall and less waterlogging condition for the seedling the increase 
in yield was less The average results of the etpenment carried out for seven 
jears show that cotton on high ridges with shallow tillage gave an increase of 6-4 
per cent in yield over cotton sown on flat with similar tillage, whilst de*p tillage 
combined with high ridges gave an increase of 13 per cent in yield Jovtr remits 
were slightly belter. This shows the high ridges did not give great increase m yield 
over long period 

With a view to get higher yields another experiment was going on at the 
same time and the average results of the application of ID tons of Farmyard manure 
per acre to cotton crop sown on high ridges with deep tillage over seven years 
showed an increase of 31 per cent in the )ie1d of seed cotton over no manure to 
cotton on ridges with deep mtertilbge. 

The«e experiments show that prevention of waterlogging at the roots of 

cotton seedlings may give 6 per cent increase in yield of seed cotton and the applU 
cation of 10 tons of Farmyard manure every alternate years mav give an increase 
in yield of seed cotton by 25 per cent (31—6) over long period This is a good 

iiicrea«e in yield but it is not possible to find sufficient Farm Yard Manure for the 

total cultivated area even if it would pav to apply auch a heavy dose 

The closa practical acquaintance with the soil and crop conditions in Surat 

tract and the scientific scrutiny of the experiments shown above sho.v that if we 
are to tackle the quc«tion of higher yield of crops m Surat tr.icl tlie physical condi- 
tion of soil should be so improved th.it il mav provide a healthier home for cotton 
seedlings and at the same time maintain fairly good soil condition and aeration 
rece9«3ry for the good growth of plant ‘'uch a method should form a part of 
the farming practice of the tract, and should be within the means of the 
cultivator. 

Two things suggested to roe— Firstly to find a leguminous green manure plant 
that will grow well and quickh in heavy waterlogged soil and DAoinrAo or Ikkad 
t.'Ieif'anio aevleata) was selected Secondly to find a practical way of growing it 
as green manure crop in the system of crop rotations locally follow^! without losing 
a crop So it was decided to grow it m two ways (1) by growing it in strips 
between two rows of cotton crop and (2) by growing it before a crop of nion>ooa 
jowar In Surat District the cultivator grows a row of Sann or few rows of UdiJ 
(Phottofut rofiiatu’) between two rowa of cotton sown 4 feet apart and these are 
n«ed as green manure crops after couple of months I therefore decide] to grow 
Dhaincha between two rows of cotton. 

In Surat tract cotton is sown aoon after rain but fotevr is aown a month Uter. 
So it was decided to work out a method of growing Dhafneha before jowar even 
by sowing •oiror a month later. Prelumnarr expenmenti were started ^la 1331.32 
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VIJI. Fi'niTiER Js'vtsuaATios Neccssvrt into rnt Tolio\\ixg Points. 

(1) Afplying compost of Snisti Crop tnsttad of burying »e »?» The Auibori- 

ties at the Imcituie of Piaiil Industry, [ndore, znainutn that preparing cjrnpoat 
of sann crop and then applying it to the soil give better results than burying it jo 
situ esplaining that if the sann crop is IiUticU in sjta the energies of the soil ace 
.rasted in decomposing the sann crop which happens in wmtef when the soil has 
got to be prtpannj; nitrates; and this affects the nitrate formation in the soil 
viicreas if the compost of eaan is oppbed, the soil gats rat and natural process of 
nitnlication ts not hampered 

This matter needs to he lovcstigaled by devising some systemalic exporimcats 
on the Padegaon Sugarcane Research Station- 

{2} Applying Formyetrd ^anvrt to M<* Sonn Crop — It vs the experience of a 
few irrigators on Godareri Canals that appl^-iag 10 cart loads of rarmyard manure 
doubles the green weight by 100 per cent, ft u necessary to find out how far this 
is correct and ecoaottiicaU 

(3) Simultaneous Sanii Green. .Ifanwrinj — This was experimented upon on the 
ilanjri Farm hut quite decisive results are not available- The matter may ag.iin 
be tnben «p for investigation. 

(ft) Double Sann Crccft Manvnng — Irrigators having heavy soils fonnd out that 
snniag sann in ./Ipril burying it in July, rcsoumg m August and baryinc it la 
(hteber for nevt^ planting of c.«ie considerably improves the phjsical condition of 
their soils and give still belter results than single tann green manuring Th/s may 
bo juiestieatcd from (conomte point of ueu> It n/U hare to be seen nfcethrr la 
prfsence of too mucli organic coarse niaten.!] m the roil the e*'S/ing lutiates are 
depleted owing ^to their having been used up by the organisms nlule decoiapoiing 
it and uhether the belter re*ii}ts ns claimed by (be irrigators ore pj'siMe only on 
account of the improvement of the physical condition of thetr soda 

I.\ Onirn Gnetv 3f4.vPstvo Cnors 

As stated ahoie, the Sana does not thrive in the »aiei logc'd ureas henco two 
crops VIS., Dhaineha and SHtvrt (Satania Byvptica) were iried in the natai logged 
area# and they have proved very successful The U‘e of ShrVM htioeier is made for 
cuttle food and it is aJ«o !e«s hardy Ohmn'-ha has proictl verj */r/cient .n i urteu 
ftiaiiuro and has jieldcc! from 40,000 to 5O.0G0 lbs of grien inattcr pei acre The 
enllivatars on the Xua Left Rank Can-il ore non utiliiisg Dlium In for i,r.ei 
manure in the wafer logged ore»s. 

One mote crop nhsch ?/.t« proieJ very useful for grctn n'nnnre (*oflj n< tin* dry 
and irrigated crop is Kan-Ms(ki, Pbos'olut Tf’lobus Thi^ enp pr>>doce^ from 
15.000 to 17,000 ibs. of green matter per acre nnd is eitilj rutreti v\il/iin u niintn 
2‘hie manure is specially •unable for /A/*» /ouar and nhrit and il» elf'" t i* ve^y 
tearke<l. Tlie land iniended for /tahi crops m geneniJlv kepi fallou .luJ if lUn- 
M-itki IS grown on such lands if will srmc vert useful p«r{*'>»t m increa.jne the 
airld as trrif as by siipphing fodder tn e.attle in («me' I'f emi-'gtnry The rJperi 
itients with Ran-Jlatki were conducted at tb« Kopargaoii farm aol results of the 
last three je-ars ore ns Minns — 


1 

1 

Year. 

Yield orJtmnrprT j 
ncre 1 

Clwclc. < 

i 

1 

Remarks 

j Croon 
m/tnuroil , 
Orn’m. 

Toildcr, 

Grain. 

BjH 


Llo*. 

Lbs. 

LIrs 

I.bs. i 


1031-35 

1.5.™ j 

3,37fl 


I.R6S 1 


JP35 3^> . • 1 

3,355 ' 

4.53?; 

fiTJ i 

n.Jrtt : 


1036 37 . . i 

032 

1.45*1 

BM , 

L173 

.‘;-ft«cin not faioiiraWe. 















io:t 

Till* ripfrir.fjii wa« »tar1pil in 195J-35 Ili« L^inj to t'M rrgan'c ma'.'er 

to the #ml tnii to get lncrfs»»<l yield tiilhoul Iomhi; th» l'•afon There are 4 trcAt 
«€"!» ejTAticM in » I.ihn S^n^re «% under' — 

(1) Jf'rriT — No Mirure — Control 

(2) Joyr^r tninured with Fermyard Mannte at 5 cart loidi per acre 
^5) Jotrrtr after Dhiincha grvn tnannnng. 

'4) Jyyrttr after nh»ini.hi green tnananog and Farmyard Manure at 5 cart- 
loads per acre 

Dhsincha is buried after about a tnonth'a pronth gisin; about 25,000 lbs greeci 
sIbJT per acre 

The average reitiUt of three ytara (1334-35 to 1936-57) are aa under : — 


AaTrngo rereenfnge 

yield of incitwe 

Tfvnlmente. joirar prAiii or 

poracri* decrea-o 

in lbs over control. 


1. Jowar — Xo Manure— Control 

2 Josrar pfiia Fartnyarrl ifanuro 

3 Josrar p{ua Dhamcha 

4 Jowar plat Dhaincha pfua Fartnyanl Mamiro 


1.S36-34 

].26S'9-' S-62 

1.220-f‘ — 1-30 

1.176-07 —5-62 


Ohamcha alone and aith Farmyard Manure «as tigntficant in the first year over 
control and Farmyard Manure. 

Ta the last two yairs the yield reeulla were not favourable owing to deficiency 
ef late nins In 1935-56 in the gteen manure plota the season mins too Ute 
for Kktirtf jotnr, Semi Rabi N’ialo yoimr had to be sown. Averaga wei^t of greets 
naenring stuh buried per acre for three years was 27,692 lbs , te.. Ill lbs. N for 
Shatneha-f-Farmyard Manure and 23.789 lbs green atufi t e , 95 lbs No. for 
Ubaiccha alone 


The average results of the residual effects of green manuring pracli*ed before 
70 s»v in 1934-3S and 1935-36 on the next crop of cotton grown in 19U-3S and 
1936 37 are given below — 


Avprtigo Increase 
yield of in 

Treatments rood cotton percontsga 

per aero over 

m lbs. control 

1 37o manure (control) . . . 535 03 

2. Farmyard Manure to previous joswir . . 540-06 0-04 

3. Dhaincha Green Manure to jowar . . 665-53 24-39 

4. Dhaincha Green Slanure and Farmyard 

bfanure to jowar . . 755-69 41-21 


The residual eilects on the next year's cotton crop for the two reasons are 
remarkable, giving 24 39 per cent and 41-24 per cent, more yield of reed cotton 
over control, for Dhaincha alone and with Farmyard Manure fe'pectively. Dhaipcha 
elone and with Farmyard ilanure was significant over control and Farm Yard Mann-e 
in both the years 

3 ffolaiional md ffreen Experiments — 

Cotton dibbled 5^x2' 

/otivr dibbled 2J'xl'- 

Qtosa area of each p1at:-s2(y.xll2'. 
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on iBe Surat Farm to wor/c ont a practical method of growiog ZJ/mmcAo as greea 
rmanure crop in strips between two row's of cotton and before cotton nnd lower 
soon after rain. These preliminarjr tnala showed that we can successfully grow 
Dy.aincha in stiips between two rows of cotton though the yield of green matter 
is not very heavy, expecting that repeated green manuring in every successive 
cotton crop would help to build up the soil fertility and the crop yield would 
increase 

As legards growing green manme crop before cotton or jowar the preliminary 
experiments showed that cotton if sown late in the season after green mnauiing, 
yielded much le«s than the normal crop whilst m case of jowar if sown late, the 
yield was not materially reduced, so it was decided to grow Dhatncha before jotvar 
cotton being more than 8 months* oop and jowar being sit months’ crop. 

KeguJar evperiments were laid out m 1934-35 as described below 

1. Cotton Grten Manuring Exptriment 

Cotton drilled 6^ x 

Gross area of each plot=s24'xl^2'. 

Xet area after deducting -i 18' x 

This experiment wa« started in 1934-35 with a view to add organic matter 
■to the soil and t<j get iiicieased yield of cotton without Io«ing the season There 
arc four treatnients, replicated as many times nod arranged la a hatin Sonara 
as under 

(1) Cotton -No Manure— (Coiitiol) drilled 6' apart. 

t2f Cotton driWed d' apart w/th Vhctncha m the middle V strip, 

(3) Cotton manured with Farmyard manure at 5 cart-loads per acre 

(4) Cotton manured with Faimjard manure at 5 cart-loads and with 

Tlimincha, in the middle 1' strip. 

hhainehn is burled after about a month’s growth giving about 7,000 Ibi greeo 
ftcB pel acre. D/,mnch<i was broadcasted in the middle ttrip when cotton was 
•town. 

The average results of the threy years are as under — 

Yielc} Percentage 

of seed increase op 

Treatments. cotton decroa'e 

per nrro oi-er 

in /b*. coatcol. 


1. Cotton — NoMnnnre — Control . . 032 7 

2. Cotton plus Dhainchft . • C23 73 17-OS 

3. Cotton pfwe Farmyard ilanuro . 571 0 7-35 

4. Cotton p/Us Farmyard 3t«»jure p/we Dliaincho €3'i SO IS 4- 


I'armi-.ird M.nniire nlw* Dhaincha was significant over control .ind Farmyard Mautne 
in the last two years Dh.uncha alone was signiticaot oier control and Farmyard 
Maaux in 3935 36. 

AvcMge weight of green stuff of Phaincha with and withoat Farmyard Manure 
was 7,157 lbs. and 6,095 lbs. respectively. 

NV-ct roHur crop gave 8 60 per cent .and 1271 per cent mure con- 

trol after Dhainrhi alone .ind with Fannsaril Manure re«rcct«vely Dhamcha 
^TOMird -Manure U eignif!c.in' over control, Farmyard Manure and General Mean 

2. /otrar Crttn .Vmn/rt'ay Experimfat.^^ 


Jotrnr drilled 3'xl'- 

Gfo®s area of each plot ss:24'x 152'. 

Net nre.i after deducting ring«I8'>cM4t. 

In ca«e of green m.mure plot, drilling Ss not posiiWc and hence /oirrtr h.is to bo 
sown with * plcing^i. 
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11)i» fiffnn-frt «a« in 19543 j Hi* b^ing to «>!'i rrganic mallfr 

to ibo mil »nti to c*. lnfrr»»»'l ji»ld without lo*in(; lh-» i"aion Thffe are 4 tre.tt 
aiTangM in A Tallin S'lnire a* «n<l»r: — 

(11 /otrof — No Manure — Control 

(2) Joii'^tr manured with FtrmjranI Manoi^ at 5 cart londi per acre 
f3) Jo^rnr after Dhaincha manannf;. 

M) /rt/vtr after miaini.ha ^rren raanannf; and Farmyard ifanure at 5 cart* 
load* per acre 

Dhaincha it buried after about a montira prowth gum; about 25,000 Ib«. greea 
tlnff per acre 

The averaee retiiUi of three jeara (1034-35 to 1036 37) are ai under :—* 

Atenifjo rercenfoRo 

yiehl of inerrrvtn 

Treotment* Jownr gmiii or 

perncro docreoio 

in Ibe o\cr control. 

t. Jowar— No Menuro—- Control . 1.336-34 

3. Jowar pl«« Farmyanl ifftnuro 1.268-9'>’ 2*62 

3. Jovnr pfua Dhnmcha . . 1,220 22 —1-30 

4. Jowar pfua DhninehA p/ua Karmyanl Mantiro 1, 176-07 — 3-63 

Dhaineh.t alone and with Farmyard Manure wat aignificant jn the first year oeer 
coBtrel and Farmi'ard 3fannre 

la the latt tvro yeirt the yield retullt were not favourable owing to deficiency 
of late raint. In 193S-36 in tbe gieen manore plots the leason being too late 
for Khanf ;ouvir, Semi R&bi Niato |ouvir had to be town. Average weight of frees 
Riaoanng atnfi buried per acre for three years was 27,692 )bs , i.t., Ill lbs. N. for 
Dhaincha-hFarmyard ifanuro and 23,78? lbs green stuff t e , 96 lbs No. for 
Uhaineha atone. 


The average reiults of the residual effects of green m-inurmg practised before 
jairrr in 1934-35 and 1935-36 on the next crop of cotton grown ua 1935-35 aod 
1936 37 are given below.— 


Avcmgo Increoso 
yield of ia 

TreatRinnts eood cotton pcreontAge 

per Bcro over 

in lbs control 

1. No niAnitre (control) . . . 635 03 

2. Farmyard 3Ianure to provioue jownr . 640-06 0-04 

3 Dhaincha Green Manure to jowar . . C65-63 24-39 

4. Dhaincha Green Sfonure and Farmyrrd 

Manure to jowar . . . 755-69 41-24 

The residual effects on the next year'e cotton crop for the two seasons are 
rimarkable, giving 24 39 per cent and 4124 per cent, more yield of reed cotton 
over control, for Dhaincha alone and with Faroiyacd Manure respectively Dhaincha 
alone and with Farmyard bfanure was dgnificaat over control and Farm Yard Mann-e 
in both the years 

3 i^oeoticaaf and Green Experiments — 

Colton dibbled 5' x 2'. 
lower dibbled 2i'xl'- 
Qioia area of each plot— 20^.xll2'. 
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This experiment is carried out since 3934 35 
into 5 replications as under : — 

A, Green Manuring — fallow. 

B. Cotton after green manuring 
G. /oicar after cotton. 

I>. Cotton after joxa/, 

E. Jouar after cotton 

F. Cotton after jowar. 

G. Cotton after jouar. 


8 treatments ra'idumisc^ 


H. lowar after cotton 
'Dios in a cycle of 6 year», 




o green raannnng at ali~cjnt/oI. 


- *-v ' except those having the tr?a‘niejfc (Gj and' 

(H) J.e., controls, %7iU icceivc green m-mure once in 6 rears The object U 
compare the yields of cotton and joiror with no manure in the rotation 

Dhatncha^ is buued in the aoil when about 2 month* old^ the erceti stu6 byried. 
per acre being about 55,000 Ihs 

The average yield results of two years are as under — 



Average 

Percontag* 

Twitments. 

yield of 
seed cotton 

inereaso or 


per acre 

(ifvreawi 


m lbs. 

over eontroh 

1. Cottoiiafterjanar{Cantrol)(0) 

534-91 


J. Coftonofier green maniirrfig(B) 

1.153 03 

J22- 

3. Cotton after jowar (D) 

363-52 

5 35 

4 . Cotton after jowar (F} 

542 91 

I 5 


Green manuring is Mgnificant oiei all including general mean Averaxe w^igh' 
green manure stuff buried per acre m two years «as 34 069 lbs , T« , 135 lb*. N 

Besidual effects on the next jowor crop (C) aie -een in increased yield of joivar 

•rain by 4 2 pev cent.^ and fodder by 84-24 per cent osei control for 1936*57 Owing 

to dehcient rainfall, increase of grain yield is not proportionate to that of loJde 

s>hich is aigtuficant over control and general mean 

The green manuring expenments show that the strip system of partial g.ees 
mamuing eTcn has given as much as 17 per cent increase m the yield of teed 
cotton. Ibo entire gceen manucing before Jouar baa given an increase of 24 per 
cent, to 41 per cent, in the yield of ?eed cotton and the gieen manuring faUow 
has increased the yield of next cotton b\ 122 per cent which perhaps ehows the 
maximum increase that may be expected by building op fertility of land by xo 
peated green raanuring in courso of timo and by sappleroenting it with other ipiKk 
acting manures. 5Tie increase obtained by JO tons Farmyaid Manure was 25 pet 
cent and that has been equalled by one green manuring in the rotation before 
towar The yield of jnxeea has been slightly reduced over three years but coast- 
ilerin" this small Joss the gain is greater end expected to be still greater ivhso 
the soil fertility h built up by repeated green manuring 

The practical observation has shown that (he phyjicaJ rondition of so.} Js 
cTcallv improved. The green matter docs not rot tnoroughJy before jowar ami in 
rolton but undet the peculiar heavy conditions of the Burat soil this is an advanlng* 
rather than a drawback. 

V jnav meclion that a callerpQJar peat at times bccotnes tcrious on Dhaincha 
ns it probably attracts the pest first by its early growth but this pest has brwj 
ea*ilv and successfully conlrolled by darting with Pans creen at a cost of Its. 2 
por acre Besides this, this practice of green manuring has been of great help in 
^troUlrg weeds. 
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APPENDIX II, K. 

Review of the work on green manuring carried out in the 
Central Provinces. 

(KAO SAHIB D. V. BAL, .IjWenIlitrel Chtmist to Government, C P. and Berar ) 

A great deal of attention has been paid to the problein of green-niann ing in the 
Central Provinces bjr the Department of Agricultnre, since the \ear 1910. A numbei 
of different plants such as sann-hemp (CrotaUna Juncei), tawri or dainehya (Si'banii 
acnleata), torota (Cassia tora)> viild indigo, and lodojira (Vernon a cinerea) have 
been tried for the purposes of green manuring, and of these sann-hemp and t^foto 
have been more commonlp used than the others (2). 

In the case of Vbheat, sann Mas grown tn nlu and wa< subseinently ploughed iu 
the soil, tome time before the crop was sown Tn the case of paddv, attetifion was 
paid to the possibility of growing sonn tn. eitu and its sabsequ'nt inre-sion a». the 
time of transplantation, or the provision of green material grown on open fields 
adjoining the rice (andliie, 

results of field ezpenments have shown the following — 

(a) Creeii-mnnurtny for paddy ttop — Results obtained eoncluMvely sbo« that 
green manuring is of immense value to the paddy crop and its ejects are con<iderably 
intensified when used in conjunction with phosphatic fertilizers like bonemeal or 
superphosphate, the fertilizer being applied at the time of lowing the green-minnnog 
crop. 

ifot only does an application of tann in conjunction with phosphatic fertilizers 
fire a significantly higher yield than that given by an apphoat'on of unn alone, hu’ 
the former treatment increases the percentage of P| 0| in paddy seed while the 
latter reduces the same It is important, therefore, both from the po nt of cbtaininr 
high yields and also from the point of nutrition, that whenever green manure is 
applied to the paddy fieldj an adequate quantity of pho<phatic fsrtihrer should nl«<> 
be applied (6) 

If the green manure is applied either one or preferably two weeks before the 
date of transplantation of the rice seedlings, the yield obtained is convidernbly higher 
than that obtained when the green manure is incorporated with the soil at the time 
of transplantation (8). 

As the rice plant prefers a sligh'Iy ac’dic or neitral medium to an a'kiliie one 
for its growth, applications of green manure in conjunction with ulphor only or ^ 
mixture of sulphur and super have heen found to be u>eful o*i leivy nils brought 
under rice for the first time, a« these reduce the jvH value of the soil, and thus 
help to quicken the establishrrent of paddy crop on tiewlv liunded nee fields which 
were forrnerlj open heavy soil* growing rvbi (winter' crop (4) 

Experiments have shown that for a satisfactory growth of lonn in rice tracts 
•ne of the following three conditions is essential — 

(1) ^YelI drained field*. 12) early mon*oon and (31 irngetinn feiilitiee 

Tn regard to the three condilions mentioned above, the first is rare, the second ti 

nnnsnal and the third is practically speaking ab*ent To the Cen’ral Provinces we 

are thus compelled to consider only the alternative of bringing in the green crop 
from another area or from waste land Grasses and other rege'ation growing on 
the iundt mav also be ntilired for this pUTose thus i»mr'n; n two-fold advantage 
of enriching (he land with organic matter and of clevri cultivativn Jn this ronnec- 
lijn the possibilitv of growing perennial or annnal quick prow in? 1»cnmes on Ihe 
lutidt of rice fields Iwirders of Iharif and eoJl fields and on avada'-le waste areas, 
with a view to supplying green manure and al«o fu»l to avme extent detewei a ve*v 
eareful consideration (7) 

(ti) (.'reen nanimny in fAe ea’t of Ikanf crops ofAer tAon rice . — It is n->t at 

all a comnior practice to u»e a green manuring crop followed by » crop like gram 

in a Ifiartf field, m a year previous to that in which the ram crjp like cotton 
is to be sown This svstem may, however, i,e found very u«efQl in icrrovirg i/oor 
fields, -provided rainfall conditions are satisfactory, ai according to thn srstern a 
imllivator can exj^t to pet at least wime return from his Cell, ics'ead cf potLinr 
if he were to foUow the practi.-«c cf green manuring enJv in c*dei lo lmp*oTe tha 
land which miy be very poor 
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• « earned *)»t since ISM 35 There are 8 treatment? raidoniise* 

into 5 repheations as under :— 

A. Green Jlanuring — fallow 

B. Cotton aftei* green omnunDg 

C. /oiror after cotton 
T). Cotton after joitar. 

E. Jouar after cotton 

F. Cotton after jowtr. 

0 Cotton after jouar. T 

„ , „ / ^’o gfcen manuring at all—cjatrol 

H. /oxcar after cotton J » # 

a cj'de of 6 years, eacli plot except those having the tr?a‘.meit (G) and' 
fjij j.e., coatroja, ^7jll lecejve green m.intirc once in 6 years. The ohjcct i? U 
compare the joeias of cotton and jouor with no manure in the rolatjon 

Chainrha ia hmied in the &oU when about 2 months old. the creen stuff buried 
per acre being about 35,000 lbs 

The average yield results of two year* are «» under 




Average 

Peroontagv 


TreAtmonts 

yield of 

incroaso or 


seod cotton 

or 



per ftcro 

rfrrreose 



in lbs. 

over control. 

1. 

Cotton ftfter jov ar (Control) (G) 

* 1>3*'91 


?. 

Cotton after green manuring (B) 

1.J8& oa 

122 m 

2. 

Cotton ftfter Jowor (D) 


3 33 

4. 

Cotton after josrar (F) 

542 91 

1 5 


Orwn manuring Js gigmUcaiH oiar all mdudiog general mean Aieruge wrigh' 
green manure stuff buried per acre m two years was 34 069 lbs , I e , 135 lb». W 
Besidual effects on the nest jov\ar crop (C) are “eeu m lacreased yield of jowa? 
grain by 4 2 per cent, and fodder by 84-24 per cent over control for 1936-37 Owing 
to deficient rainfall, increase o£ grain yield is not proportiouata to that of foddet 
which is significant over oootrol and general mean 

The fiieen manuring experiments show that the atrip system of partial c-een 
manuring even has given as much as 17 per cent incroase la the jteld of seed 
cotton. The entire green mauuxing before Jowar has given an increase of 24 per 
cent, to 41 per cent, in the yield of reed lotton and the green msauring fatJow 
has iacreased the yield of next cotton by 122 per cent which perhaps shows the 
maximum increase that may be expected by building up fertility of land by re 
peaterf green manuring in course of time and by supplemeatiag it with other _^oick 
acting manures. The increase obtained by 10 tons Farmyard Jfaaare was 25 pei 
rent, and that has been equalled by one green tnanating in the rotation before 
lowar. The yield of youin- has been slightly reduced over three years but comi- 
ileriog this small loss the gain is greater and is expected to bo stiil greater when 
the soil fertility is built up by repeated green manuring 

Tlie practical observation has shown that the physical conditioa of sod is 
crently improved The green matter dorn not rot thoroughly before jovrar aiso io 
fotton but uadei the peculiar heavy conditions of the Surat Soil this ii an advantagi 
rather than a drawback. 

V mav mention that a catterpiHar peat at times becomes terious on Dhaincha 
ns it probably attracts the pcit first by its early growth but this pevt has been 
exsllv snd successfully controlled by dnsting with Paris green at a cost of Hi 2 
^ Besides Hus, this practice of green manomg has been of firMl help in 
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APPENDIX n, L. 

Crop rotation and soil lertility. 

(T. J. MIRCIIANDANI, A^rieulturat Cfttmitl, Ifihar ) 

A rood doal ol tjualitaliie and rome ijuanlit-ttne data is availiWe in Uie pro- 
Tinrr, ro$;ardin^ the suitability of certain crop rotations for different types of land 
and varvin;; climatic conditions. In deciding upon the suitability of a rotat.oiir 
several ^iiits have to !« considered Thl principal amongst them are : |1) Proper 

distribution of are.a under various crops, (2) Demand for the major crop or crops 
and the importance of the individual crops m the rotation, (3) Water requirements 
of crops and haw they arc met, (4) Effect on soil fertilitj* It la the fast one that 
uonla he specifically referred to in this note as research on this problem hai no* 
vielded sufficient quantitative data .\n injudicious crop rotation might easily 
ruin the soil, resulting in the deterioration of yield, and it would be long, ex' 
j,ensive process to bring up the level of fertility to normal Dreat care is specially 
necessary under Indian condition, where quick deterioration is likely to occur on 
account of the low level of organic matter and nitrogen m most of the toils They 
contain -OS- *07 per cent, nitrogen and 0 6 per cent carbon agam«t P 1 to 0 • 17 per cent 
nitrogen and 3 0 per cent, carbon in European and American soils. The mainteRance 
of soil fertility by rotation or manuring or both is, thersfore, one of the pressing 
problems in Indian agncnlture 


Rotation must naturally vary with the requirements of the tract In Bihar, 
for instance, sugarcane is our important crop and l*ciiig a heavy as well as a long 
season (14 months) crop, it exhausts the land nore than othsr crops do The rota- 
tion for cane lands in Bihar keeps the requirements of this crop to the forefront. 
The Bihar toil has a good average fertility and the mam cane tract is ram-fed The 
department of Agriculture, in Bihar, recommends the following general rotation, 
with modification to suit different conditions. It is, sugarcane, momoon crop for 
fodder or seed, Hati, green maoure and cant. In Smd, on the other hand, cotton 
in KhaTi) (extending into part of Robi) and wheal m ra3i are the important crops 
Iho. rotation in that area would have the needs of these two crops in view; tha 
problem is further complicated by the fact that the irrigation is cootroUed though 
issured, and m certain large areas, the toil is alkaline Do’h thee factors play en 
important part in deciding upon a crop rotation Kharif, Rnbt, liabi is recommend 
ed, with variation in the type* of crops, depending upan their towing dates, alkali 
rcsist'iiff or reclaiming properties m other factors Similarly, there are varied sod 
and climatic conditions in other parts of India Through eTperience and general 
knowledge of the local toil and crop conditions, rotations have been fixed but no 
intenMVs research has been done on (a) Varying the rotation by the substitution of 
new crops, (6) Role of legumes tersut non-legumes as green manuring 
crops in msintaining sod fertility, (c) Narrowing or widening the rotvtion, t.e . 
converting a three years rotation into two years one. m order to produce more of 
the major crop or vice t trta The information on these points seems es*ential in 
view of the intensive farming that is being done m several provinces Instances are 
kcoirji when a cultivator gnws on bis own or leased Jrnd, a monev crop, year after 
year, with or without manure depending upon his means, unmindful of the perma- 
nent d-onage he may be doing to thj land There are al-o instances like these of 
the ccitain canc factory owners having hnds of their own. who do rot wish to be 
concerned with the production and disposal of the rotational <rops but who grow 
cane after cane, with or without green manuring croo in between, and who spend 
Urge sums of money on manures to keep up the soil in fit condition for growing 
the irop they want While it is generally accepted that land can not bear strain 
of the Imperial Council of Agncnltoral Research or bv a special committee and 
get a quantitative measure of the lowering of fertility, if anv, resulting from any 
set of conditions It seems necessary to initiate re«evrch on tiii. fundamental proH 
leni in land husbandry This would no doubt bring us to tVe defi-ibion of soil 
feitility For general purposes, chemical and physical examination of the foil 

sslllw ''AJTVl'"”' » th. 


■ It is suggested that the Board should obtain, by means of a qu»s(hnm|re. all 
the availible informations in the provinces The data could be sifted in the office 
of the Imperial Council of Agricultural Research or by a special mmmittee and 
complied so that further research could be undertaken keeping in new the know- 
ledge already gained under varied climatie and sail conditions 
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Experience has also eho«/i that when sann hemp is giowu as a fibre crop, due 
to the leaves falling on the ground and the root residues left therein, the subsequent 
cotton crop gives a far better yield than obtained from a field previously cronped 
With either cotton or juar. The success of this practice will, however, largely depend 
upon how far sann-hemp can be grown as a remunerative fibre crop. 

(c) Green-mamcnn/j for rahi (tptnur) craps.—Ex^eriinats on gieen-minuring 
with rahi crops have been confined to wheat only. In areas where there are no irri- 
gation facilities and the annual rainfall is less than thirty-five inches, green man nmg 
for & rabt crop is practically oat of question la areas with a higher rainfall wnich 
is fairly well distributed throughout the rainy season, so as to allow a good growth 
of the green crop, green-manurmg for wheat would be successful, provided that at 
least twelve to sixteen inches of rain is received after inversion of the green crop 
in the month of August and before wheat ts sown in the following winter It 
irrigation is available, deficiency in rainfall can be made good, but in such cases 
it IS necessary to apply the irrigations before the ssheit crop is sown and not after, 
so that the green material added to the soil is properly decomposed befor« wheat 
is sown (1). 

d leW of gretn manurt ohtaintd undtj^ different eondifions — Experiments oo 
the growth of eann, Dainchya and cowpea on di/Terent farms hare shown that, da- 
pending upon climatic conditions, the following average yields of green crop can 
be expected if the crop is two months old at the time of cutting : — 

Quantities of green-crop per aero. 


Namo of crop. Rice tract Wheat and cotton 

tracts ' 



lbs. 


lbs 

lbs. 


lbs. 

Sam . . . . . 

. . 4,000 

to 

10,000 

15,000 

to 

22,000 

,?aurrt or .Dai'ncfia 

3,000 

to 

8.050 

10,000 

to 

20,000 

Oowpee . . , . 

. . 3,000 

to 

.7,000 

12,000 

to 

16,009 


^Studies on the deconposithn of preen monurmp pfonte.— Observations on the 
rate of growth of sann-hemp and Dameha in black cotton soil show, that the latter 
is a comparatively slow grower m its initial stages As the green plants advance in 
age, the proportion of leaf to stem decreases and the percentages of dry matter and 
fibre increase Earlier the sann-hemp is used as green-manure, the mors rapid is 
decomposition of its carbonaceous and nitrogenous constituents. Nitrogen in tbs 
leaves of sann-hemp is more easily nitrified than that m stems The slowness of 
decomposition in fall-grown green eann plants is not due to any T©*arding effect of 
the increasing proportion of stems on leaves but it appears to be due to the chspge 
in composition of the plants and such alterations which take place in the phfsical 
condition of the plant tissues owing to partial drying as a result of a large rea'ietioo 
in the water content (2). 

Experiments carried out to determine the nitrogen fixing capacity of '**j^*fL* 
legumes have ahown that amongst the kharif legumes tried sann hemp showed I « 
lugaest nitrogen fixation capacity (5) 
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APPEN33IX II, N. 

(NOTES nv ^rA.10R A.'H SADtK, D.UE. (OXON), Director of AoTkuUutt, 
1‘altala State ) ' 

{(i) U ha* hcen found that uMxaHy the Tamyard Manure ia nurcilossly handled by 
the ramindars, rcauUing in a Iremendou* lo** of its fertilumi^ value. Urine is in* 
variably completely lost No doulA the Departments of Agriculture nU over India 
-are advocating the correct method of hshdling and storing of tho farmyard manure 
hut these recommendations need further vigorous and extensive propvranda The 
huming of cow dung cakes has Ixon a grave source of losing soil fertility Tho 
systematical growing of fuel trees in village commons and roMmmendirg the burning 
of cotton sticks, etc., are « great help m checking this evil practice and this hat 
been recommended with a fair amount of success by tbe Agriculture Department 
Sometime ago cream separators were introduced to a few farmers as an expert* 
mental measure. It is found that it redoces the fuel demand of cow' dung c.akes to 
a great extent on .recount of not liaving to bctl down large CiUantitirs of milk for 
the purpose of ghee making The economic depTe«sioii has Wen the chief cause 
against the (\uick adoption of this method for ghee mikmg 

Synthetic manure has helped the farmers to a great extent in Rieetiug their 
manure requirements It has been found that where the ramindars have once taken 
to this practice they have gre«tly appreS.sted its value. Stalks of ToTta and Sarton 
■which were neither used as (oddei nor fuel and were considered to be valueless, have 
espeetJly helped to increve the quantitv of axnthetic manure. 

(fe) The value of green manuring i* well established by now About fourteen 
years ago Tlia Uighiieas the Msharaja Dhiraj of Patiala commanded the redaction 
m canal water rates to plane rates for the raising of green manuring crops This 
ecnreision has greatly popularised the adoption of this method of manuring. It is 
felt that further reduction in the ntee for growing of the green manuring crops 
will be the he«t means of popuhruing this method. In Patiala State'll has been 
■observed that Ovara as green manuring crop has proved superior to ether* 

(e) The artificial manures see only H«ed to a small extent by the farmers. Tho 
chief reasons for this being 

(1) Tbe initial capital required lor lU application 
■ (2) The texture improving superiority of the farmyard manme 

It bxs been observed that application of aitificUl tnanu'e should only be recoin, 
mnended to the intelligent farmer# and where there is a great dearth of farmyard 
Ti'anare. 
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APPEKBIX II, M. 

Soil amelioration — fertility of silt with special reference to 
silt of the Bengal rivers. 

(D. X SEJf-GUPTA, Executive Enfflneer, Bengal.) 

Rice, 15 the wata crop in Bengal The yield o! crops m the flooded clislncti 
of Bengal is much more lhaa what ts normally ohtalned m (he places where the crops 
get water fiom ram only This » further confinLcd tn the Bamodar Canal area 
tsh^rc the fields irrigated with the turbid water of the Damoiiar river produce a 
mucn biggci yield than the uniriigated fields, where rain i« the only source of supply 
of waler. Fertilising capacity appears to be different m diCcrcnfc river sitK The 
Bumodar seems lo give the best fertihsmg «lt acnoagst the Western Bengal rivers. 
The Ganges and the Brahmaputra on the fiast similarly appear to he better in this 
respect than the North Bengal rivers, such as the Teesta It is also found tlial the 
fields close to the river which receive a larger amount of slU (not sand) are mir* 
ferlili than those further awav where silt deposit n much lc«s This is an imparlant 
matter in the design of arlificial irrigation channels In irrigation projects the field* 
intermediate hetaeen village channels arc irrigated from field to field The ctianne! 
can be designed VMth suitable sections to carry forward the silt and discharge it 
liirongh the outlets But the flow over the fields m very slow and the eiU in suspea 
Eiju cannot go far To properly distribute the silt over. the fields, village channels 
shiuild he sufficiently close to each other It is therefore of importance to study how 
far lha siU can he passed from field to field in fairly good quanlily. 

(iiJ The subloct of the fertdumg quality of silt does not appear to have 
received its due snare of investigation In the' Punjab and the other upper proMuee' 
fertilising of fields with flood water hat not been studied on account cf diflcrent 
tivcrinc conditions 


(ill) Regarding distribution of silt — there is no IroabJe in the flooded dislrirt 
vihuro distribution is done in the natural course But there are place* where flood 
is artificially prevented from spilling h> marginal embankments along rirer banks 
And here necessity is fcU for artificial irrigation In the upper provinces where Isndt 
conlam more or lew harmful salt, he.vvy irrigation is not con»idcred to I'c always 
desuaUe. In Bengal (he condition is difTmnt Tie sod i« free from stieli sifts 
and >1 large amount of irrigation during the rains with sih liden ii.vter is fot n>! to 
be beneficial both from agricultural and sanitary po-nt of view In slagmnt water, 

' a kind of slimy scum is generaliy formed on the ground which is harmful to the 
crop. Oiilium of crop is high m the flooded places Flood water pv«ies over eocli 
fields in n slow l,«t continual flow amV prevents (ontvatwu of such »ami In vrtifiavl 
irttgation, for economy, the usual practice is to enclose the irrigation water within 
niarginul embankments and keep it stagnant If by slow drainage of irrigitien water, 
a much heller result is obtained, such a method of irrigalion shouhl ordinarily 
resorted to provided tbo supply i* sulTiMenl The study of this matter wa» not «t»ne 
in detail. Slow drainage of ?rnirition watei will probably rcqiiiiv lari-'er irricst"'!' 
channel." «nd give low duty Ibdess definilc advantage ?s gained, it may not be ad 
lisniile to adopt the •hangcti nj’stem \ jield of 56—35 m'l* of •* 

considered to lie quite good m Ihe irrigated nw>a« of Berignl In the 1 

of till* provmce jields up to about 45 mds to ilie acre are not iincommon A » * 

vield IS avid lo !'<* obtaine,t on the average tn the vmiated lands «n .Japan in 
irricdvd felur m Spvtn a u.mh grintei otittwii «s obtained IIow »u h coo.j out 
turns are prodneed is a matier of great mtere-t V"*. or 

concerned il f* of paUb-otar irripprtanro If the method of irrigation ftlsgnanl 0 
fiovirg' has much lo do wilh |he Iwtter outturn*. 

(i>; Improvement of *oU in Hengsl may Iw done m different w»y», such at.— 

(o) dejrfitition of fertilising eill 
(ft) application of artificUl rnsnure. 

(^l sjt-ing crops of different kind* in rotation-».ime fixing s..me taking op 
nitrogen from the soil, etc , 


(dj leaving field* fallow. 

Sfli ct M W 1.(1 «»l (kf I..*""™' <■" 

tbe different kind* of soil requires .careful sludy 
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p->rtJoti (or block 8S be called it) he aMigned one plot, to each treatmmt but atrictlv- 
m a random manner. Me hate no* the randomired block in ifa modern form. Uiine 
tbe principle of block dni^mn in two directions symmetrically we cet the well knowa 
Latin s(]Qare 


llt'VLTs OovEiiNcn BY L^w* OF Cjmnce 

The important point to lie noticed i« that the resiiltg will be now go\erncd entirely 
bj the laws of chance. There arc innumerable causes which produce difference'* 
between the plots, and we know from the conditions of the experiment that it i*. 
impossible in practice to secure that the plots will !« all alike But the lahdity of 
tbe estimate of error is now guaranteed by the process of randomirjition, namely “the 
provision that any two plots, not in the same block, shall have the same probability 
of being treated alike, and the same probability of being treated dilfercntly in each of 
the Ways m which this i* possible The calculus of probability and the apparatus 
of tbe statistical theory of sampling distribution can be now used with complete con- 
ftdence. The logical foundations of scientific inference were thus made secure, and 
agricultural experiments were placed for the first time on the same footing ns experi- 
ments in other sciences < 


Euui.xxTfov or Soil DirFirtvces 

The second point to be observed is that by the technique of block division the 
problem of soil heterogeneity was solved at the same time As each block contains 
all the treatments once and once only, diffeu-nces between the total fields of the 
different blocks could be safely ascribed, apart from errors of sampling, to soil 
differences; and could be eiinnnaled by suitable statistical methods This of course 
led to a great improvement m the precision of (he comparisons V'hen we remember 
that IQ particular experiments in India as much os ninety per cent of the total varia* 
tjoo is rometimei caused by soil differences, (he importance of eliminatng its efieofr 
will be easily appreciated 


The .Assltsis or Vsnivncr 

The thud point to be emphasised is (he close tontiexioti betiuen (he field 
procedure and the procedure of statistical analysis in the Fisherian technique In 
fact they are merely two aspects of the same problem; "once the practical field pwee- 
dure was fixed, only a single method of statistical analysis could be valid The 

specification of the particular process of randomisation tamed out, determined in 
advance the correct statistical analysis of the results “5 

To sum up then, replication, randomisation and block division (or local control) 
were the principles of design introduced by Fisher at Rothamsted, and were first 
described in 1923 in a paper on “the nianurial response of diffeient potato varieties “I 
Replication is eisential because it is the sole source of the estimate of error, while 
randomization is necessary to guarantee the validity of the estimate, that is, to ensure 
that the estimate will be unbiased. The purpose of block division is to increase the 
precision of the comparisons by elimination of soil differences while replication is 
also useful in securing the same object by diminishing the experimental error Finally 
the analysis of variance* gives n convenient and valid method of extiactmg the infor- 
mation contained in the observations As Wishart has pointed out, the Fisherian 
technique “was something in the nature of a revolution," and altered the subsequent 
course of agricultural experiments throughout the world 

PBETIOVS CONDITIOVS IN INDIA 

It look some time before tbe new technique was introduced in this country. Seven 
or eight years ago in India the control used to be almost always repeated, but tbe 

‘ I'Ae fh^uin of KxptrtrncnU, 1935, p. 71. 

< In actual fact the statistical theory of exact distribution m terms only of ai.tQat 
obseivations, popularly known as distributions m "Studentized form", achieved a good 
deal more It made possible general _ conclusions being drawn with logical ngour 
fruiik paiLicular observations But this ie % topic of statistical rather than agricoltursl 
interest end must be passed over here " 

5 7,trn'nt from Uothamttti Beport, 1933, p. 5. 
b/r-jr. Agtu Sc., 13, 3il-32a 
• Sec Note on “variance", "standard error", “co 


)-variance” etc., at the end 
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APPENDIX ra, A. 

Notes on Subject VIII (A review ol the application ol statis- 
tical theory to experimental method in India so far as 
, agricultural investigation is concerned)- 


'A review of the application of statistical theory to agricultural 
' field experiments in India. 

(PROF. P, 0. MAHALANOBIS, Pretidcncy CoUege, Cidcutta, 
li^ODrcnoN. 

I feel honoured in being invited to open the ducussjon on the uie of siatistical' 
metnoas m agriculture in India. Although I Iiad been asked to review the appSiwlion 
of statisticat theory to agricultural expenments of aJl kinds, I have thought it adris- 
able, owing to the limiled tune at my disposal, to ronSne my lemarks mainij’ Uj field 
trials. 1 have not therefore considered the many interesting and important opplicalieas 
of statistics in the laboratory experimentn. genetic sladics. agr<cn)tural Tneteorology, 
technology and other investigations I should also eaplam that, as I was obliged' 
to prepare this note at ahnrl notice and in the midst of heavy pressure of other »orfc, 
I have not attempted anytliing like a detailed survey? but have tried ip describe 
the TiTcaenl position in its broadcast outlines. This is why I have avoided, as far as 
practicable, referring to individual papers or authors by name. 

PART I general REV'IEW OF THE PRESENT POSITION. 


A review of the application of statistical Ibeorr to arncuHural field trials ia 
India iD receat years h largely a story of the irioniph of oieihod# devised by il A. 
Fisher at the Rothamatod EKpenmental Station. The ner> development* siso bear 
KRiATKable testicnony to the ecientilic vision of Sir John Rus«t'Ji, the Plrcclor of the 
Botbainsted Station, \>ho had recognised as early as 39J9 the need of the application 
of statistical theory to agricultural research, and had not only persuaded Fisher to 
toko up^ this Subject but h.id given him foil scope and fteedpm tor working out 
appropriate statistical methods in his oho way 

The basic principles of the new method are non iiell known and need not be 
discussed in detail. In order to oppiociate the rviolutionary Advance brought about 
by the inlrodiicUon of the new technique, let us howevci consider lor a moment the 
contrast between experiments of the old and nen type 

The Ox.d Tipe of Fjold E*rEB(m.\T 


Suppose wc wish to compare the yield of -say six vanelics oi the effect on 
of SIX kinds of maiiisres In the old type of expecijnent. ttie field uouW be divided 
into six plots, and a single plot would b« allotted to each treatment As 1 isner 
explains ''the treatment giving the highest yield uould of course appear lo te »wf, 
tot 00 one eonIJ s»y nliethe, the riot )“• 

,cme or ti'I t>5 the other trtalmeM. ’> It i. ki.onn thot t.ithio S';;' , “'f,.”;!' 

size of such chance errors. 

The Fi*mebi*v* TecussiJve 

- .... i«.t F.iher solved the proMero. Consider the same exc.eamenU! 



201 


portion (or block ds he called it) he assigned one plot to each treatment bnl strictlr 
in a ranaom manner, e have now the randoinuec] block in its modern form Using 
the principle of block dnision in tno directions symmetrically wc get the well-known, 
Latin square. 

llESCI-TS GOVZIIKED BY L*W S OT ChANCE 

The important point to Ik noticed is that the results will be now go\erned entirely 
by the laws of chance There arc innumerable causes which produce difference* 
between the plots, and we know from the conditions of the experiment that it is- 
impossible m practice to secure that llw plots wiU be all alike Rut the validity of 
the estimate of error is now guaranteed by the process of randomization, namely "the 
proMsion that any two plots, not iii the same block, shall have the same probability 
of being treated alike, and the same probability of being treated differently lu each of 
the ways in which this is possible The calculus of probability and the apparatus 
of the statistical theory of sampling distribution can be now used with complete con 
fidenro The logical foundations of scientific inferenre were thus made secure, and 
agricultural experiments were placed for the first time on the same footing as experi- 
ments in other sciences.* 


EmiiNATios OF Soil DirnsnxsCEs 

The second point to be obseixed is that by the technique o! block division the 
problem of soil heterogeneity was soKed at the same time As each block contains 
all the treatments once and once only, differences between the total ^vields of the 
different blocks could be safely a*cribed, apart from errors of sampling, to soil 
differences] and could be eliminated by suitable statistical methods This of course 
led to a great improvement in the precision of the compansons AVhrn we remember 
that in particular experiments m Iniiit ss much as ninety per rent ot (he tolil vsna- 
lion IS sometimes caused by soil differences, (he importance of eliminatng its effect 
will be essily appreciated 


Tttr .Anitasif or VsniAKCE 


The third point to !•« emphasized is the close connexion l>elwieii the field 
procedure and the procedure of ststistical Bnalysis in the Kislierian technique In 
fact they arc merely two aspect# of the same problen.; "once the practical field P^** 
dure was fixed, only a single method of statistical analysis could be lalid The 
specification of the paiticuUr process of randomiration tarried out determined la 
sdiancc the correct statisticiil analysis of the results "S 

To sum up then, replKStion, randomization and blork illusion (or local control) 
were the principles of deeign introiluied by 1-isiier at Itolhamsird. and were first 
described m 1923 m a paiier on "tlie manurial resimiise of ciifTirent potato varieties "• 
KepUcation is essential because it is the sole source of the eslimate of error, white 
TMldoiniiatwil it nccr'sarj to goaraniec the xalidrtx of the estimate ilist is, to ensure 
(hat the estimate will Im- unbiased Tlw purpose of hinik dnision is to increase th* 
precision of the comparisons by elimination of sod diffennits while irpliration is 
also useful in Securing the ssrne object by diminishing the t xjirrimrntal error Finally 
the analysii of xansnee* giiis a ronxmient and xahd in<thni| of extracting the infor- 
mation ronlained m the oIim rxalioiis .\s Wixbart fiss jsnntrd out the Fiiherisa 
technique ‘‘w»» something in the nature of a texolution ' amt Altered th* subse<j«ent 
course of Agricultural experiments throughout the world 


U took I 
r eight y»: 


‘ ago i 


pRixiois < ciNwtioNS IS Isnu 

lie the new technique e aa introiiuirJ in this country, ^sem 
lia the conttol used to tw almost alwajs reflated, but tie 


*7As /hsiyti ot 1955, |» 71 

«ln Actual lari the statistical tlicory of exact distnhotioo la terms oaly cf Sctssl 
(bwrxsticns. i>r<pulsrli known as distnlrtitwwi* in '‘MuJcntired forta’*. acliertd a good 
dial luotr It nisde jHiesitde grnrral conrlusiors Iwihg drawn with Icgu-a! rigou» 
tt\>u. j^i.icuUr obsrrxalion* Hut this la a topic of stslisticsl rstlicr tlisn agnrotiural 
lUtrrrst and lUttst lie ps»««d <>x»r tiefr * 

t /.ijcisf Iren };ot\anHtd /V/wrt. )S5S. p. S 
*/. jf AffT, it . 15, 511-533 

• y;«> Note on lanancv , 'stsnJaid rftor*’, •’ii»-xsri»t*r»‘’ etc., at tl.e eoJ, 
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hon, .Mil eslimtcs were eot unbiased, and eouldnot bj Alidle nSd'f°' 'anJoinn-*- 

^Tnrw”idef«s,sn«^^ 

:s,“br“^on^a'™ - -r ;?r:L'rn’rbe« sns 

Ine JuTnopvCTtoy of the Ne^t TtaiviotT! jk Isbh, 

Like most other recent movemcoU w a^icuKute w we owe the introJuef.on 

of statistical methods to the Roj-al Commissioii pn A^naiitareJO which had mad* 
defim c rcfommcndatiQiis on tlm ^mt in 1928. In actual practice the modern period 
rLo'lt YP^micnts hcffan m Indm. / M.crc with the foundation of the rmperfsl 
Council oi -lencultomJ Jlosoareh in 1929 on the recommendation of the Royal Com- 
mission. The earliest experiment of the new' tspe. a yaiictai trial on rice with'a 12x12 
LaVin square was reported in the Ind Jour. As:ri. So. in 3931. The I. C .V R from 
its inception laid emphasis on statistical mctlwids, created .a statistical section at head- 
quarters with A whole-timo st.ati3t»Dtan at its head, ami cave a grant to the Statistical 
Laboratory, Calcutti, for odranced studies and reseaiches in statistics 31 In fact I 
belier? It was soon made a condition of all I C A It schemes th.it the oTnerimcntal 
designs ^ahouid be of the approved type The Statistician to the 1 C. A R. gives 
his advice on all standard echemes in the province, and personally virifs » large num- 
ber of farms every year. Help is also av.'iilablc. cspccmlly on the research side, from 
the Cfticutta Statistical L-ilwratory In the coarse of this’ work a series of Statistical 
Xotes for Agricultural Workers was started of which 23 ntimhers have been published 
so far. In 3933 arrangements were made m Calcutui for giving special courses of 
iMlruttion in statistical methods to officers who were sent there on deputation for 
this purpare. During the Ust five years such invining has Iren given (o over 7S 
bgricultural officers from «U orer Indm. which. I Iwlipve has helped matenally m 
raising the general standard of work. The lead given b' (he I C A R in all these 
ways has resulted in the Latin squ-iro anJ randomired Nock designs being used with 
great snccess all over India. It is proliaUv no exaggeration to vay that no important 
experiment in India is now bid out on an old f»pr de.«icr> Tin* must bo oonvidcted 
lo be a solid achievement. 

FACTOBiit (Cojirutv) ExptiinirsT* 

mav now consider some further dcveloprweiits of the new (cchniquoi .•ts ?.»rJv 
as 1926 Fi'sber had advocated the u«c of factorial desi,rnv m whith two or more types 
of treatments were laid oat on the vimo field 

Sunoose we wish lo compare three i.ificties. and the effect of three 

treXS. on f.,ch ol «,(■«■ raneti- » T.' '“'f “SL“ 's ‘k' 

.ii .■cplic.lioiis, we .I'.” I tH'ii'-- tor lh» tri»l S 1—''- P-- 

rih.' ordinary fonnulo In tl» 'for'”<li; 

“ ;s<i;;'^;S;oX.S’=.l!r J;:?o?n'srnnd\.,.n,, - ». 

f''Tr.”;£Tor^prr„«nUnt.«...o- 

I OVT l«y cont.ict ,(,■ «opi{Hi>'r in Rornhaj. to an ecperiment in 

AV., Rurn« {offg. Agricultural E ^ j rcplic.iies systematically arranged aide 

which v^inetica.of ,„temati/vanst.on In soil iert.hty, 

by aide »« long stripes^ by grado.ition, and it was found that the 

It was _ lerably increased. At that time 1 was 

pteciaic ‘ . Imj j^r. llorn’.s problem soon made me 

quite u oade me realize its great value, 

get ncq to be done in India a few jtars ago 

SSo • ^ . . tba Statistician to the I. C. .V. R. m 

can be 

1933. . 

ni’^recan S. gratitude that this was done mainly on the iaitiativeof Mr. {now 
Sir) Br>-cc Burt, the AgricaltaraJ Expert (now offg. \ ice Chainnafl, 1. C. A. R.) 



203 


muiarial portion we shall require three expenmenU dealing respectively with the 

three varieties. With six replications we smU therefore require 54 plots for the 

manurial investigations and 28 plots for the varietal comparison or 72 plots 
altogether. 

Instead of simple experiments, suppose we combine them in one factorial (or 
complex) design. First of all, for nine combinations (3 varieties x 3 manures) we can 
then afford to gne eight (instead of six) replications each in the same field of 72 plots 
Secondly, we shall have no lesa than 24 replications available for tho varietal or 
manurial comparisons; so that, it the atandard error per plot remins tbe same, the 

accuracy of the main comparisons will be increased four times Finally, the thrw 

manurial treatments cannot be directly compared in the separate experiments; but in 
the factorial design the comparisons wonld be completely valid In other words, 
tbe differential manurial requirement of particular varieties that is, the interaction 
between varieties and manures, if any, can be investigated only if the experiment 
IS designed in the factorial form With three or four factors the amount of information 
-obtained is proportionately even greater Detides the main effects, we can not only 
■study the differential effect (or inter-aclion) of the factors two by two, but also the 
response of one factor in tbe presence or absence of two or more of the other factors 

A fsctorial experiment is thus not only more efficient in the »cn«e that with tbs 
ssme miraber of plots all the factors f.vn be stndied with greater precision, but u also 
more comprehensive and will give information about differential response which conid 
not possibly have lieen obtained by any numWr of experiments of the simple type 
This IS why Fisher definitely rejected the orthodox principle of variing the factors 
only one at a time. He said in 1926 "Xo aphon«m is more frequently repeated 
in connection with field tnaU than that we mii't a»li Nature few questions, or ideally, 
one question at « time The writer is convinced that this view is wholly mistaken 
Xatare, he luggesti, will best respond to a logical and carefully thought out question- 
naire; indeed, if we ask her a eiogle question, she will often refuse to answer until soma 
other topic is answered * 12 

Ilefore leaving this topic it is perhaps worth while pointing out a third advantage 
«f the factorial design In the orthodox method all the factors except one are 
deliberately kept approximately constant In the result, information is nbt.vined only 
for a narrow range of controlled conditions In the factorial d'sign nii the oth*r hand 
a nomher of factors arc allowed to vary at the same tim« so tint coiKlu'ions drawn 
from such an experiment has a mneh wider l>aiii for induction 

In India the firsl factorial experiment with three varieties of potato under three 
manurial treatments was laid down at the inviance of ihi> .‘^taiistual l.vl>oratory at th> 
Viivabhirati Institute of Kura! IteconstrvKiion at ^nmkiian m 1931 Danng the 
last four or ^e jeari similar iwofartor rx,t. riRi<nt* iiav,' lirtome quite common all 
over India Designs with three or lour f4.i..t» »r> aK> l« mg m,,i «,ih siirrwsi .\s 
an example I mi) mention tbe fowr farioi rulUvaiixn exfsnir>iii with me tthree 
varieties, five dales of planting threr spa. mg. and three niimUrs '>f see.fliiigi per 
hole) designed at the ‘'tatistnal Uvl«>rai.irv aii.i r<cidu'1rd under ih« I C .V H 
lice revearrh aeheme at t'hinsuiab lur llu tour s. wms 19\J37 The summary of 
results shown in the .tppendis will g>»e son.r idev of its v«raliti .,f inforttialii.n which 
esn l>e obtained only from designs of tbit type 

In spite of Iheir effinency and rompr*liensiver»es» rsetain objeeliiui. tiavs I.-en rsi»»f 
against the use of fartorsal d.-signs which rnty l.r l.n»n» rT.t*id.red here It has 
l>een pointed out that the mam efl<«rts are ol"lains.t with gtsitrr fimtim thsi tht 
inter-actions, also liiat lbs ei|>erin»ett inrlod's rsnr r»ml in»ii..ri vtl.irh are r've* 
hkelv to l.e use.! in prsetlnr Tins is quite true tut inevital b When we hsre no 
t now I.Mlg" as to what partnulai eonil.iiiations an liVrte |n !• Bsrfut it it desirttjs 
ttisl wr rluiiil.l seek t<> siirvev the wh'le tangs td all t) . fsrtors Il.t ao evtecviTS C»U 
of survey inevltahlv implies a lowre level of a'e(.rsrt lb vievrr *• eij»fi»is-e u 
gsthrred the fiel.l of enquiry can l>* narrowed ly rrja.ing Its titrl»r of fees Ixeatj jof 
with an automatic inereate in the preeisin*. 

A second objection It nor* senous With ao lacrrase to It* esn-'^r cf er«.t 
the tire ol llir t.loV t,e-eomr« t-sv Urge ter abq>.tte tl re.irutse> cJ I t seerT.fsoril v 
with evvisequriit im-rrase in th- rrsi lutl *rr,>T The Its l»»-o »ta:.rtl'* 

got over rrcently t-y lh« *'sp!it'fig cf |h>ta*’ and ih# •■cor*pcni rg af Itter fc-'tsata** 


>2 The arrangf 


el of fold espe'iroeila /ear .V»* •tf'e . S5 115 
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Smx-Ptoi mji ‘COSTOCNDED* Des.gns 


pcrtencQ has shown that high-order mter-aetiona nre often 

.tal..t.c.^ „e„.fcaat „a It of ».«* pn.“S“4-?«c“ Kc'SaCS 

bj^rlfeTiitog.-' '™' te.d of preomon. 


The spht-plot haj ^ut w a of confounding m which the wain effecta 

rS »8 particularly applied to small plo's. 

of the treatments are such that they cannot be conTeniently applied to small plots 
These main treatments are therefore fatd out in a randomired block or Latin eouare * 
design, but each whole-plot w dnided into a number of sub-plots which arc allotted 
at random to the diBerent sab-treatmenls The residua! variance between sub-pJot* 
gn-ea the appropriate error for the compauson of sub treatments, while the residual 
variance beUcen plots gices the error for the whole plot treatmen’s 


The spht-plot design u being eiteusuely a«ed m liulia, hot the confounded design 
has so far not attracted much notice. As far as I know, one elegant design prepared 
y»tes has been laid down at the Tockfai Te.* fiNpenmcnfol Stntioii, and one 
design has been supplied by the StatistiiaJ Lnl.M5}ory to the Dacca Voixcreitv for 
the I. 0. A. H. scheme. 


The designing of confounded Jay-oats is an interesting esercise. end in skilled hands 
it has attained a high degree of efhciency I would draw the attention of nil ogricul- 
tural workers interested in this subject to the discussion in Fisher a Design of ZJitpefi- 
menti, the JMfiamsUd litports for the last few years, and the recent monograph by F. 
Vates on the Vtsiyn and Analtjus of Faeinnot Dxpnmenis 23 

The complete factorial design, we have seen, is both efficient and compreheus've 
But liiey need great care at every stage of the work, and with a large number of 
factors require blocks which arc inconvenienlly large m praclire There is, therefore, 
a limit to the usefulness of this typo of design depending on the heterogeneity o! the 
land, the number of factors and nature of the problem, the skill and experience of 
the mvestigalof etc. The split-plot design is very comenu-nt m probJemi in which 
knowledge atoul the rnam treatments are already available But 1 am of opinion 
that it is the confounded design wh«.h ha« the gre.vlest possiLdities in India, both 
on account of its flexibility as well as its economy of cost Caution is needed, however, 
both in designing the experiment and in earrjiiig out the statistical an.vlysis In the 
begmning Jt will be desirable therefore to use slandaid patterns uniier the guidance 
of statistical workers. 


iMtnrnEranov or Ils^rLTs 

Before leaving this subject I would hko to ,ul.l .» few woi.i- in regard ‘® ‘j'*' 
pretation of the results, I have found that many agncultura workers “J’® ‘j 
Wdiice the data correctly and complete the .v.uhmeticai part of ®. 

Siance without however being «b e to draw the Txjf rrrMm'n Xh 

or ‘non signifieancc' arc nurelv lechoreal terms v»iih the exed impJi 
everr experimenter shooltl be familiar 

SappoK “re ctoLk.’.'lhm on» i.i twiity lim" 

” „'re 'i'/uBiUht ri.k o'? oor .i^pfins . '‘"'I »* 

»or 7 . »i.i. oJJ. P» m to 1 i. OP. 
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I m») point (ml Ihn »URe a |vculiar propprty of AlnllKlical inference Suppose 
■we are workinc on (he fisc per cent lesel \Yc hare seen (hat even when the effect 
is nil, we shall judge it to be real onee m tstrnlr trials In other words, if ilAtisticil 
theory IS right, we must l>e wrong in onr jnilgnient in five per cent, of the cases 
The possibility, or rather, (he certainty of error is thus inherent in tho structure of 
»tatisti--al infcrcnci This knowledge is a saintary check ngain«t an exaggerated 
Sense of our own infallibility 

The experimenter must (herefore 1m* carefni in alleching undue importance to an 
isolated result whieh may appear to be atatisltcally significant and yet does not fit 
in with the general agricultural etpenenre Such results should not ^e ignored, but 
should neither be accepted until corroborated by further experiments. On tho other 
hand, results statistically insignificant should not be always neglected. If (hey apjicnr 
to be plausible from other considerations, further inicstigations should be made with 
increased precisiot of comparison. » 

In short, the eTperimonter must use his critical judgment and discretion in the 
final interpretation of the results Statistics is botli indispensable and invaluabls, 
but it cannot replace the human mind 

Pntcisios or Ivdias Eu'ehisicsts 

Having reviewed the broader features of the new technique, it will he of some 
interest to examine the precision attained in Indian experiments. I am aorry, ia the 
limited time at my dispoMl, I was unable to collect relevant information from the 
different provinces of India I shall therefore discuss this point with the help of 
materials Iron. Bengal and Assam which were readily available in our Laborato^. 

The average standard errors per plot (expressed os percentages of mean yields) fo' 
■four or five careful senes of varietal trials svith ous and amen rice at Chusurah Tann 
during the five seasons l932-3J-*-1936-57 are shown below (The figure# wjthir bcataats 
give the Buaber of experiments on which the average is based). 

BtvoAL • CniHSVTUH Farm VaiumL Ttat# 

(Standard error per plot as percentage of mean) 


Year 


1933 33 

1933- 34 

1934- 31 

1935- 3(1 
1930-37 


itICE 

VHUf. 

Aua 1 



II 01 (3) 
9 00(2} 
8*30 (3) 


(5) 

10*00 
i0*i'l (' 
JO-J'-t' 


Similar figures for recent iica and tugar-caue (■< - -- ■ 

1952-J^l935 36 an# given below. 


Aessst. 

(Standard error per plot ax ■■ • 
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EKCtrSU SlATZOStS. 


Crop 

I>8tm 

Square 

Kandon»i«ed 

Block 

j All 

I Arrange, 
j ments 

Potato 

Sagorho&i 

Swedes 

Mangojda . 

n-k 

6i 

I 

9-2 I 

7-9 

e-o 



Kale 



7 7 


op>o»n that 3 Standard erjop of 5 per cent, /or root- 
EoSisb cereals icaj be tonsidered satisfactoiy M Judged bv 

K M «!?on^o ” tb^eforc uot Stsaeis/actfry. i 

karwiarStl ^ ^ ^ *" « *« any way 


LATTif S^VASS 19 . llAVVOiliZtli 'Bitxni 

Owtns to the possibility of eliminating soil dtffereaces m two directions, one w-ould 
expect the Latin square to be more accurate than the randomized block, and English 
experienca has generally borne this out 1 am not in possession of enough data to 
;udge the position in India Wy general impression is that the Latm square has been 
glTen preference here tn small scale xarietal work For Urge scale work, I think 
on the whole the randomized block baa been used more extensively in India, no doubt 
on account of its greater flexibility. One advantage of the randomised block is that 
an estimate of error can be calcolalrd separately for each companion Vates has 
pointed out that “this is of great value when handling new and unknown material, or 
treatments which may produce Urge differences attd e\en partul or tompletc failures 
In such cases the assompUon of constancy of erior variance is entirely unjustified, 
but in a randomized blocls experiment any treatment or treatments may be excluded 
and the analysis carried out on the remainder ’ftna is not ttue of cifher the Lflfin 
equate or of confounded arrangements 15 

Complex or /actorial design’s in India appaicntly l««»e a shghfly higher sl.-indard 
error per plot (of the order of 10 or 15 per cent of mean yield) than the simple 
Latin square or randomized block. Tft« m protmbir daf> ta the e-rpenmentaJ di/ficiiltip* 
in managing more than one net of factors on the same plot and to Urge 'iiock 
sizes. 


UKtroRMirr Trm« 

lo a taniooiiMJ tloek *.ign lh« grenler th« koms«wlJ 
iV. fTMitfr fhft aoouraev of the experiment In practice this can be secured expen 

of ferlilitv of plots »s known front a preuous iinilormity trw! 

?,"i “Hi?" V\rf if HS'v, 

Jlawnnces^ f% the initial differences in fertility among plot* within each 
lo make^lownnees for the in . comparison 

<” >»'• »«»•''> O'' 

twelte tiooi. 


'ITTvVUtart h'G- = />>>■»«•?!« 

10-W. W. W „ , — f p f. g Svpp, iss, 


Proeltrr r/ Erptrintnladon, 

222 . 
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It should not be imagined, however, that this la always or even generally possible 
In fact with annual crops the fluctuations in fertility of the same plot from year to 
year are usually so great that the increase m precision obtained by this method » not 
in general commensurate with the expense or the delay of one season incolved in a 
unifonnity trial. 

It is therefore usually unprofitable to conduct a uniformity trial as a preliminary 
to the main experiment with a view to increasing its precision. Repeating the actual 
experiment twice would most often give more information. This is why we have 
for a long time discouraged the adoption of a uniformity trial as a loutine practice. 
It may be noted, however, that there are special circumstances in which such trials 
may be very useful indeed, for example, in the case of horticultural experiments. 

Size A\D Siupe or Pidis 

We may now consider the question of size and shape of plots As early as 1910 
Hall harves*--’ - — ^*** — •> - — <5«ia ... ^mali units, and found that the \ariatioii 
between pic • the sue reached was about 1/40 acre 

It was ther i was corroborated by other uniformity 

trials, lh.it . -smewhere about plots of 1/40 acre. 

We have had occasion to examine the results of a number of uniformity trials in 
India, and we found that for varietal trials in many cases (he plot could be reduced, 
so far as precision is concerned, to a sery small aiie of the order of 1/140 acre. 
Plots of sue 1/80 acre or 1/40 acre also give quite good results and coo be ulely 
recommended for convenience of agricultural operations Given the area, the qae»tioii 
of shape or orientation conics in ChnstidisU showed from theoretical considerations 
as well os experimental dat.i that long plots pheed parallel to the fertility gradient 
gave the best results Our experience in India is also more or less simitar Sugarcane 
experiments at Pasa and other places in hiortli liihar show that strips the length 
e! which is ten or fifteen times greater than (he width give more accurete results 
Rice experiments show the same tendency but to a smaller extent 


8izt or Dtoexa 

The final precision of an et|>eriment does not depend only on the best selection of 

E lot size What is needed is a choice of the optimum combination ot the sue o! both 
locks and plots The best results will be obtained when (he blocks are fairly homo, 
reneous, (that is, all the plots within the same block ba\e nearly the same fertility), 
but differ appreciably as « whole between tbenisehe.« It is obviously not possible 
to give any limits for the block sire If the soil is fairly uniform, it is possible to 
work with blocks of a large size, on the other hand if the fertility gradients are 
' steep, the size of the blocks must be keut small ] had the opportunity of studying 
in detail the variation in toil fertiluy of a field of about one ocre under rice at the 
Chiiisuruh Farm, which was hancMed at oj reqwe.t in 7040 unit* of 9 inches by 90 
ineUea <1 '7740 acres]. We tried many rombinations of block and plot sizes, and found 
that a low etamhrd error of about 55'|>er cent of mean xield per plot wa« obtained with u 
block sue of 80' x 44' (about 1/12 acre) with 8 plot* e.vh of site 20' x 22' (1/100 
acre). But considerably larger sire of blocks 160' x44' (or nlout 1/6 acre), or 
160 xB& (1/3 acre) with 8 or 16 plots each could be used wilh only a moderate 
increase m (he error to about 5 per cvnt of mean .weld per plot 
Svect*'* or TMx Ktw TtciiMUtx 


I exeeflcnt 
> that It can be adapted to suit the 


From the brief review given above 1 think it can l-e staled without heiitatiou 
that in India wherever the Fisherian teilinique ha* been u*ed on proper l.nes m feld 
trials. It ha* been found entirely satisfactory in every wa.v and has pir< 
results The working procedure is verv flexible 
most diverse prol'lcms and conditions of work 

A pood deal of valualle information regaid ng soil di^erences and tie relative 
ifcurarv of different tvpes of expcrimeiilal designs is alw fs«‘. sfYunulatia- in India 
It is desirable in designing a new expernaeot that each erpenm<^tcr s.hoald el/.iro 
all available infomation relating to bu own work In tb.» wav b« wpuld often 
able t.i get a gisvl idea of the type of des ga likfty to give tie lost rerolu, a.nd 
also to safeguard himself against too large a marpn of error by ns.ng an adequxtt 
number of replications or other methods of ccstroUicg adl digeTmcea. 


U/aar. Agn 5f . 21(1). 1931, 14^. 
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Co.vroMrrA.vi' Varmuoxs CoRnrurrovu. .ANMitsfo 

I have already considered the ose of uniformitv ina}* an,l T .r,-..r k..* « 

refer to certain otlier rectliods of increasing the prccufon of Md tnah hy v)itic 
is analysis of covariance. The underlying priacitfa 

18 simple. In a field trial there arc many other factors beside^ yiefd winch can iw 
t? th/’sfnc^ \\ lhat fi*«e of these factors are correlated with the yield 

in thfl S such fartoJB eause tor are associated with) variafioiii 

, 1 ?^ ^^11 possible to separate and eliminate that portion of ths 

variation in the jicld which mav be awnW to these factors fn this wav the 
precision of the experiment can be often increased very considerably. For etaraole 
It may happen in a firfd trial that the yieM. pf difiiTOIl plan Jre Ji.(„tl«:d hr 
TanalioiM in the nnmher of plania wliioh have claLli.hcd thcmjelvcs, When ,„;i. 
distupbances are doe to caoeea which ha.e no conneiion will, the treatments omiei 
trial, it IS clear that there can be no objection to makinc allowances for such Taritfions 
IB the present example, by counhng the number of plants m the different plots, wa 
can easily eliminate the variations m yield due to vaiiations m plant number, and 
hence increase the precision of the experiment. 


Similar methods may be u.sed for eliminating tfie inffuence of wrying intensitr 
of attacks of pcste and insects in different plots. It woald be most undesirable to 
reject come of the yields simply because they appear to bo too low. As Wishart 
and Snnilcrsl? have remarked, “once a start is made in rejecting actual figures, there 

is no knowing where to stop & little skill in the game will lead to very 

sigTiificant. but quite uijfrostworthy resull.s There is no wish to impugn the reader^s 
•Tionesty, but no roan is so virtuous that he can afford to treat temptation nith 
■disdain". The position would be quite different if some olwervatmns were recorded on ths 
•istensity of the insect attack in the different plots before the crop is harvested tluch 
records can thcQ be used for making adjustments without bias. 

The method of correlation or analysis of covariance can also be uwtl with great 
advantage in other ways, ff records of growth of the plant (height, girth, tillering, 
«le.) are kept at different stages, such records can l>c currrlated willi the final yield, 
and may ba utilized to fuinisli valuable information on mnny pointe These methods 
deserx'e greater attenttan titan they have received so for in India 


Ifrisncc Ficttis or Ftors 


Before tevins Ihe sobjeet of SoW ‘ml> I oorel.o" 

orbich MCaiionalf,- arire, la preefire 0«ir,e (o ape, drat, ™ ''l' 

ot the subordinate staff, it sometimes happens that the ywld of one or more plots 

p’ reir— -sroo”, ~‘rcb T'v 

niuri b= »■.<! -<1. 


Til* til’* or Us'cnoM 5«.yrL»s 


sampling. som^ d.fficolty, «t rau.l.m 

or incWnl in thf« Or eons.-l-r the 

the complete y>^^' . , measure Ih" jiftd ^ rrowlFi m th" case ol » h''* 

samplra from ea^ of plants at different !« ,.irh nlol 1* very Urce- 

„,i.re».fnl of ‘I'O ‘ Vjml,, of inanMo'l J''-"'' ' J’h olol. W. 
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n)ra»u>'« only those plants which an* incluJed in tlicv* rantlotn sainjile* Somctim*** 
complete enumeraUon is not oulj impraclicaM* but even IheorcUcally impossible. For 
example, if the dry weight of plant* i« souKhl to bo studied at different itages of 
growth under different treatments, »t is obnous that necrsiary measurement* cannot 
possibh carried on the name plants but only on portions of the mslenal nnfl»r 
observation. In inch situations there la no other alternative but to liavo recourie to 
random sampling. 

Fortunatelv, when used judicioualv this method is quite efficient, and the additional 
error introilm-ed by this nietliod is* usnalls snuliaj The method of rendom lampl- 
ingJl, hss creat possd ihties whnh should lie more fully explored in India. 


OnicR .\rruc*Tii>\* or SratisTiCiL TittnnT 

I base considered field trials at some length as this is the mam topic for discussion. 
Bui statistical methods base abo been used with success in other types of work in this 
country some of which may be briefly mentioned at this stage 

The principle of randomired replication has been nsed m pot culture, animal nutri- 
tion studies, expenmrnta on incidence of pests, horticultural experiments, etc. \ erj- 
recently it has al«o been used in aihicultural experiments at the Imperial Institute of 
Forest Research at Dehra Dun. 

Correlational analjsia baa been used in a number of investigations on the influence 
of rainfall and other weather conditions on crop out-turn, and although valuable 
results hase been obtained, the scope of such studies has been unfortunately much 
restricted in India hv the pucity of reliable crop data extending over a large number 
of years A good deal of valuable work is being done, chiefly under the auspices 
of the Meteorological Department, in agncnltaral meteorolo^ in which atatrstical 
methods are l^ing used extensively Modem atatistical methods are being inereas- 
iBgiy applied in linkage and genetic atudies at the Indore Institute of Plant-breeding 
and elsewhere 

xr.., occasionally used for the inTestieatioa 

■ < < < * * qneney distributions of cotton fibre in 

. I. • " • the use o! composite testa of signi- 

. • • uantitative measures of group diver- 

, ‘ • • • ■ etc In the limited times at our 

■ ^ • • profit such recent developments in 

detail. 

On the whole, it may be said that agncoUoral workers in India hare shown 
great readiness in usirg statistical methods, and have fully responded to the lead 
pven by the 1 C. A R in this matter Given necessiir guidance and facilities, 
there u every reason to hope that the use of such methods wnl{ steadily extend m India 


PART II THE FUTURE PR0GR.\MME 
PnoBuui-i or Snxaso Imfoiitakce to Ikdiv 

We may now consider the future programme It was only natural that in the 
pioneer stage, much of the work in India followed closely tha agncnltural practice 
at Rotharasted and other Englisli stations But with the valu.ible liaekground of 
experience gained during the last six or seven years, and with the better organization 
of statistics in India, the time has come for using statistical theory and developing 
suitable methods for the study of problems of special interest to our country. A 
few suggestions in this connexion miy be useful as a basis for discussion 


31 In a field tnal, for example, when- the yields are obtained by random sampling, 
the effective erior variance will be sunplv the sum of the variance between plots 
and the variance due to sampling Usually the latter will be consider.viily smaller 
than the former, so that the incre.xse in the error will be small 

^ To be quite pedantic it should be called “random sampling from random samples ” 
For, all statistical work is necessarily ba«ed on random samples The plot yields in a 
field trial, for example, arc considered to l>e random samples from the hyppthetical 
population of similar yields from the same plots under similar treatments in similar 
circumstances Complete enumeration here merely means measurement of complete 
yields of all the plots which together constitute one single random sample. In tha 
method of "random samples”, smaller random samples are taken from the plots. 
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U«M ^u. AMD Innic\Tu>N in ntntJON to .Vonii'tLn’uc 

'Ujj arf sU faimliar with H.e fisintial fact* Apr.caUure is the basic occuoation, 
and the pro^perUy of trade, commerce, and mdnstrj’ are more dependent on »l in 
India than m most countries of t»Mr itortd. The wasonal rainfail is coucontrated 
■within a_ compaTOtively short period, bat floclaitef wideJy both in fotaj amount as 
well as in distribution from year to year A Rood monsoon with weiJ-diatribiited 
TBin QsuaUy means good crops and general prospenty. while a bad mon«oon still can*fs. 
oipr & vast area, failure of crops and andespread distress 

Water con'crs'ation, impation, and drainage naturally constitul* a aubject of 
oscrwhv’lming imi»ortance. anti I hope to be excused if I dwell at wmo length on 
this ijoostion. I have had th« opprMrtnnifv of studying in eotne detail the prohlom 
of rainfall and floods in Bengal and m Onsso This has made me re.ahro how great 
15 Its direct and indirect bearing on agriculture. fn most parts of India, we haso 
enough rainfall to pro/luco euflicienC fiwd stuff for oar present population. Our 
real problem i* to cfin«er\p the w.aler. pmesit i-astr, dulribnfo the available supply 
in tho most oflicient way oxer different anas and at different Junes according lo 
Bgricaltuml requirements for the produclum of Jh«* optimum crop, and finally to drain 
away the excess without (.a.iising any mi«chief "V lewcd iii this wav, irrigation, 
drainage, flood control, and agncuUnre are merely different aspect* of the same 
fimdamcntal proMem. 

We possess fairly ealiifactnn* dtla ain'm raiatatl uwmg to tlic activities of an 
tflich'iit Midioroli'gfc.it Dofnrtment Ue iiIm» lias« •wh- liinuch luither i iioiikIi 
nor quite reliable. dal.i relating to ru'cr* But unfortunately the chief gap is m the 
aCTieultwral knowledge. 

Jj't mo pile rt mnerefe example 1 hid occasion tveentlr to examine a Isrgu 
irripaticn ecliemc J» Bengal srhicb bad the dual purpo*e of auppljimg water for rmps 
at times of deficient rvuitall. and of flood flushing tho arev as on anti malarial measurr 
The future health. i»rt>sp*’ritv. «n«l happiness of million jsssple dep'nded on tho 
rueces* or failure of the scheme. We could eslustto from pcist record* with rrssu'ishlo 
accuraev what doficieficiM in rainfall were to Iw expected in future We ixiohl 
also cafcultto bote much water could be eopplies? ffuB! (be Damodar river al different 
parts of th* »ea>oij Hut nufortunatelv »he agrieijlturnt* were qmle ujwIOa IO 
aiipply reliable infomiation regarding the «vMimuin waUf rrouirettirnt of paddy H 
was tict possible therefore to tnsbo anj estimate wilh confidence of the in'*reaseil 
yield which might tie rf'‘on%My expetud with irnpstinii from the avaiUble sapply 
*Abi 1 vet thi* was llie mlical factor on which everjthme hingeti ff th* mcrosie in 
proiluctioQ xvas luifllciently large the *eti«n» would miceed utherWHO it would fail 
The effect of a wrong ele’i»»oi> eirtu > wav would W disavirous If the e.beme wero 
abandonisl when in fact it xmcht ha\o tiiccecded » gresi opportunity would be loit- 
If It wen* |>r«w«i’d» il with t-ul f.iileil »mti fed'W* vi« u».l ; .i*vt hrr f ir Uv«l "ur 
eeaefalion the InUixtinn of ether •eberoes even wbMi lhi> pmsprefs of »uece»» were 

B,.ol. I 1..1.I lo II..U 11,. I.„ ,.f , l.,.i 1..I. a...l .,1 , ■ I 'I- »>'> 

by using atatirticsl methodj m n rather sp«-i*al%{ise fs«bi.>'i 

But Iluvl is a different stcirs fo ‘ t t t.> ..ur D.|n w. or. d 

.iHdir* of the influence of and .Kher hmsci. /*' f^,r- m. cwp* 

wonld U a'cful m two war, Kir... for .uppJv.ng bsdly wh^rn 

the wafer rroHininenl of crop* rWondl.r f-r porpoves of 
» faiJore of cropi cannot bo prevented, rxflv infomaiion m»y often e« t 
action being taken In tine 

1*X1V«*-VC^ C«»rsTir NeiiJRs 

w»c range type, and J/j^ted metewrob;:*-*! rbnenU In p’snoing 

made for treor, hug » wM, y,\\\ t- naturally lejl in mini. 


of the 


rii*j»oirve.K‘u. 0*ttR\»rt5' 


, a .-tin: 'rt— 
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the Mine connexion Such ol>«ervations are likely to prove useful in many vrays, 
not only in the study of seasonal variations of the weather, but in the control of 
pests and blights, ana in throwing light on the behaviour of plants to environmental 
conditions I 


IbMCWIO'I ExPtUIUEKTS 

Well designed experiments will also have to be laid down for the direct study 
of water requirement and the growth of crops under irrigation In the first stage 
it will probably he desirable to conduct such experiments under conditions in which 
both the supply and the ilrainage of water can be controlled at desired levels As 
experience is gathered, it will no doubt be possible to approximate more closely to 
field conditions 


In certain parts of India water logging and floods are often of almost as great 
importance as the lack of water Carefully designed experiments are therefore needed 
for studying questions of seepage, water-loccmg, etc , under actual agricultural con- 
ditions 

Soil erosion is a problem of importance in many regions This question is 
closely connected with runoff and ilrainage and requires to be studied in relation 
to irrigation. The possibilities of using, agricultural methods, such as planting of 
suitable crops of trees for controlling foil erosion, deserve investigation in the same 
connexion. 

All thc»e irrigation experiment*, to give the best results, require the active co- 
operation of the engineer and the agriculturist, while the scope of using statistical 
methods is practically unlimited 


Soil Stvoie* 

.\nother pioblem of gio.vt impoitancv is ilu- xtudv of tlie «oil and of the changes 
in its condition, in diflerent parts of Iho country As regards progressive deterioration, 
the Royal Commission on Agriculture was of opinion "While paucity of records of 
crop out-turn throughout India over any long period of time makes the matter impossible 
of exact proof, we are of opinion that the strong preaumptien is that an overwhelming 
proportion of original lands of India long ago reached toe condition to which experi- 
mental ilatn point ' 22 


PUI'IVNEXT MsVCTULS 

Careful expeninent* arc iict^ded to >iud\ wlmli.i mxI .htnioratuin h -till 
ing, and if so at what rate, and also to study the influence of different tvji^s of 
manures to prevent such deterioration and mamUin the soil in a healthy condition. 
The time has therefore come to lav down .-v series of nennanent manunals' on modem 
line* at a number of selected "tations Where practicable, the minunal senes may 
be suitably combined with advantage with the rlimatic senes 

Mcltifle E-xrrnniEKTs 

Multiple experiments offer great advantag>n for the study of climatic, vanetaJ, 
nanurial, and other questions In this plan a number of expenments of the wme 
1ype would bo laid down with the same or aimibr groups of vaneties or treatments 
in different parts of the country Owing to tha largo differencei in soil and climatic 
factors, not only between different province* but even m different districts of th* sane 
province, the«e experiment* would be conducted under widely varying condition* 

The work will have to In* planned as a whole When the same let of varieties 
or manures or other treatments cannot be used in all the experiments of a given 
senes, it should be still possible to link up the wmrk bv providing overlapping treat- 
tnenta through which eompansons can b# made with confidence / SUndaraiiition will 
obviously be necessary, but sufficient flexibility must bo retained to adapt tk* work 
to suit focal needs 

I! the multiple series is designed as a whole, it will be often possible to conduct 
a joint analysis of the results and to studv the inSoenee of the vanatieas i*i the 
different factors. In this way valuable infonnation might bo obtained in a f^ 
years which would otherwise take a very long tune to collect. In 1931 I pid 


•• Report of the Royal Commitsion oa Agneullare {l?2S), p. 76 
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A i for their adoption at the jomt scMion o£ the Agncultare Physics 

and ilathematics sections of the Indian Science Congress at Xagpor Six or 

CM?/. 'ffi '^P probably not npe for undertaking such espenments on a 
1/^“^ f - Fisherian lechnnjue has now become so familiar that it shoald 
not be oiincult to start them in the immediate future 


CCLTIVATIOM A\T> RoTSTKlM EXPO'.I'TENTS 

other problems of aj^cial importance ji, Jndu are connected with methods of 
cultivation and rotation ot crops Given the «„1 and the water, the basic problem 
IS to secure the greatest retnni to the tnltivator A wide outlook » desiraUo 'in 
designing such experiments When we compare different methods of cuHii-alion, 
for example, it is obviously not stiffieient merely to concentrate attention on which 
method gives the largest yield of crop It is also necessary to take into consideration 
the question of relative costs, the reol aim being to find out which method will secure 
the largest net return to the cuUivatoi Similarly, m rotation experiments it is not 
enough to couccnlrate attrntion oa meielj the infiuense of a particular crop in one 
year on the yield of another crop tn a succeeding year Tho object BhouW bo to 
find out that particular sequence of crops which, after making allowances for 
differences in the cost of cultivation, ivoina on an average secure tha highest profit 
over a number of years. 

tjROP-ci-mxc ExpmrsiENTS 


Although crop cutting expentarala do not fall under field trials, I would like 

to point out bow such experiments may be mado to supplement the information 

obtained from field cxperimenta Consider any given region In an adequately 
designed crop-eolting experiment this ngioo will be divided into a unniber of noao* 
geneous xonea with more or less the same type of soil, chmato. irrigation tauilKies, 

type of crop, method of cultivation, etc Suppose we now arrange to conduit the 

crop-cutting work at a number of spotx svIiTicd tlnotly at random (hut so arranged 
&s to inciodo all the vArieties or conditions m dcuire to suid.v) within eaeli rone 
Tho experiment as a whole wiU then rv«cmblc, on a »ery large scale, a field tnal 

with A design of the randomized block type I am not suggesting thsi in nraetico it 

will be possHde to preserva the analog} «« detail But I think it should not bo 

di^cult to plan a cropeutciug es|>erinienl ns a whoK- tu tuch a waj as to supply 

oscfal Information regarding tho ivrformaDco of difirnni varieties or treatment* 
omler actual cwlcn.xttng eonaitions oci a large scale 

Apart from suvli cousidcration-v, .a ciupvuumg . xperimviit ot cour«e hav it« lerj 
important primary function of supplying iiifomi.ation ohout tho total outturn of 
crop. As the onlv method available hero i« that of ranrlom samples, this question 
offers great scope lor the applicatioo of Matiiiical theory Valuable pioneer work 
has been done in tho United I’rovinccs m thin connexion but iht» subject is of 
sufficient importance to deserve systematic and sustained study in the other provinces. 


PtAcr or SrvTisTirx is Aonw cm ns 

Before conduding I would hko to niak*- « lew Kvner.xl lemarks ationl the place 
of statistics in agricullnrc. It is I hope suffi<i<nllv clear frum the previous discussion 
th.nt tho first function of statistical th/-oTy to’ supply an adequate technique for 
coUectinc the primary data in such a wav that valid rnferenrM may U drawn from 
them. Thr i»*<' the principle of randomind repUcatioft in sumo form or other II 
indts’penxable for this purpose 'I he iK./iml fumn-.n i* i'> •xirvi th. wiiolr of the 
information contained id iho data »n the m,>xt elfici-nt way It has been already 
pointed out that the appropriate mrtli'Ml for tin. pUTpow will depend entirely on 
ttu- piitKuLir v.iy m wbi'b vl> pr'«‘" «•' i .in-.-i.i'.i.on m e.l 

W't have awn bow suecrs'fBlIy itb-v.' imi». ipbs havo Iwen uwd in the cue of 
f.A.l trials It is fs'enlial that the «ame nrinnplev slnuhl al»« I'e anpUM In 
ibrca.e of ezperiments of All other l.m U |h-re is great scope for vrork in this 
/! ^lion in India. For. 1 an afraid IJ./- ..f vuti'tievl method* tn ezpenmenU 

othtr than field tnal* In* not yet Iw/ii . ilfi- t.i.th nfwgmrM in th>» .Muntry Mach 
effort and ti^w Icvve l.^en waMeii in cm'*.!!* -. • 

Kwn or PrrjMra Sisn-.vw vt tJBio.f* 

In fact it would be & vvlutary pra>t>.e ,n rviwnmrntal studiet to refrain 

. ^ anr measurt -nml* or ncording anv .ib-emslion* whatsoever until cm* 

^^riitivfi'-d these could I-j utdwml in * x^bd manner for eome os-ful purpose. 
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In any ease, it would be d safe lule to cairy out a trial analysis with available 
'material at the earliest opportunity. If this was done, it would often reveal gaps 
in the data or defects in the method of collecting them which could he often put 
right in time. If one waited until the end it woold usually be too late. 

Indeed in India it is tragic to tee the enormous amount of statistical material 
which IS collected at considerable eapense but which is never used, or which can 
never be ufod in any way eveept as goml for white ants It would '•ave a cieat 
deal of labour and monej if no measurement* or observations were recorded without 
a definite statistical purpose in view. 

A% already pointed out, in order to secure this end, the proceas of randomization 
and the projected method of analysis must be such that it would he possible to make 
precise statements as to the significance or non significance of the results When, 
as is usually the case some previons information is already avsilahle, it is further 
necessary that the experiment should be designed in such a way that the expected 
precision is adequate for the purpose in view. 


Statistics as a Tool and not ths End 

Even this is not sufficient, sometbiog more is necessary. Before staitiug an 
-experiment each worker should satisfy himself that, if the experiment is successful, 
something vnll be gamed which is worth the tune, labour, and money spent on it. 
I franklv confess that I have sometimes wondered whether this condition had been 
really fnlfiUtd m the case of some of the agncuUural espenmeuta which I have had 
■occasion to examine I know that this is treading on dangerous grounds, but I do 
sot think it can be emphasized too touch that statistics is merely a means and not 
an end in itself Wisbart and Anders have wisely remarked : "In these days it 
is diBicuIt, but ve^ iroportaut to keep a sense of proportion over the question of 
experimentation The statistical side Ws been given so much prominence in recent 
years that there !a a real danger of statistics being regarded is tbs main interest 
m exptrimentation “23 


Saixgcvuds aousst Statistical Excesses 

Agriculturists must not therefore allow statistics to degenerate into a kind of 
mjsteiioUA cult The fundamenbil principles are easy to understatid. and there 
IS no rea«on why the experimenter should not take an intelligenl interest m the 
-designing of experiments The statistician, owing chiefly to constant practice, u 
more skilled in handling certain technical tools vmich can be safely left to him. 
But it is the experimenter who is lo a better position to judge the value of the 
experiment as a whole in its wider avpect* 

Fortunately st.iti*tic* it»elf iiiv W u«eH is a iheik .ipain-t its own evii-" It 
is po'<ihle, and possible onU l,\ statistical methods, to determine with '■dentifis 
precision the marginal (or additional) cost in money and human labour obtaining 
any given amount of additional information or increased accuracy. In this way a 
kind of scientific cost accounting of experiments can be made possible, so that the 
experimenter may be guided in his decision by rational considerations. 


CoOPniVTlON EETWIO ACBICLLTCTIISTS AND STVTlSTiaANS 

In India there is always a danger of our not being able to see the wood because 
of the trees The only coriective is to keep the basic problem prominently m view. 
The experimenter shoufd constantly remind the etali*tician (and also hini«‘lf perhaps 
occasionally) that improving the standard of living of the 350 milbons of our country- 
men by increasing the produce of the earth is the ultimate am of all agricultural 
experiments: and that how far progress is made m thi« direction is the final test 
by which all work will have to be judged This i‘ the only way in which the 
agriculturist will be ablo to breathe life into the dry Imues of staMstics. I therefore 
plftni for a cloxe. iricndlv j«tive and finilful co-oiwralimi betwrcii tlip acru a'turi«t 
and the statistician in this task. 


a J Wishart and H G Sanders ; rriafiefes and Pra'tiee of Fitld Eivtrinttitatlm 

1936, p. 60. ' 
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APPEXDK 


-Vox s>nruua k A-V<i.rjij or Cartpiu EiPKnrr.sT os 



I>egToes 
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Freeilom 

1933 

1934 

1936 
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Date of Pl.intiup . 

Error .... 

4 

m<i9S 

23S9I42** 

30461 

339084 

4996S7** 

40353 

« oo33 
.’S<174S7** 
23907 

YanitT .... 

Error . ... 

4 

70SJI7** 

124.*5 

.'564263»* 

19494 

3S3S0:** 

16339 

Pl-inting X Varieties 

Error . . . . 

It: 

•29CAS** 

42.'.9 

37276** 

81S1 

26112** 

3018 

Spacine .... 

Se^lling 

1 

f.4S4’««» 

.3269l»* 

4061 

10S09** 

Spacme X SeetUinc 

4 




Planting x Seedlinc 

S 

24SI 



PJantme X Spaoioc . . . 

$ 

5320* 

ISN 


^ nnety x Swlling 

4 

1112 



Va'ioty X Spacing 

4 

1.306 

4<J08 

13.11 

Planting x Varietv x S.'edllng 

U 

3991* 

28 s 9 


Phntme X Varictv x Sp.ving 

Id 

20.**2* 



Planting x Seedling x Spacing 

Iff 

1442 



^ nri*l.v X Seedling x Spacing 

s 

lia< 

4634 

ii150 

Plant iiig X Variet rx Si\>llirig y 

32 

947 


1779 

Sp.v*inff. 





Error 

240 

1361 

2v47 

li».‘ 


•J'UliVafcs f I'jrnifirflnM' at 5 ji. c, ImtI nnco at I p c. ei. 

Xo !!. — The re»a!tv« arc given for Ihe three fta'ons 1955 1054. ond 1956 os iho 
experiment failed in 1955 owing to drought The tcet of signifieanee indicates that 
the effects of the three rarictics of rice, of the fire dates of phnting, and of their 
mutual interaction of the first order were appreciahlo m ali the three eea«oBs 
under ohservatioa Vanation of spacing alvi showed significant differences in 1935 

and 2956 but not in 1954 Other effect* were either insignificant or signiCeant oalr 
for one season. A detailed examination showed that the sanetj* called ff^asnntmili 
gase (he highest jnelds at Chin*ara during all the tbreo sMsons The first weelc 
of August sras found to be the best date of pLinting; jn fact the «eld showed a 
distinct tendrn<7 to Ite lower il the traneplaDtiag war finished e.irlier or deLiped 
by a fortnight.* A clo«e spacing and an increased rumt'cr of seedbngs per hole 
were necesjarT to iiisaro against Jafe transplantings }>articuJirIv in years of adrerse 
rainfall distribution But'under a f.-»\ourab?e monsoon, smalt \anition.s in spacing 
or sp^clling numbers produced pra'-ticall> no differences in yield Fimallv, the 
saperioritT of one ^rietj over another was not identical for all the dates of pfintinj 
but aras found to be significantly associated with th" time of ttie trarspianting 

Korr ov VaRiisot; snwniiui tunoR,* coa-\Riivcs etc. 

Let xi. *1 . • •• . *n •i'* the )e'hls <>f xn ph-fs *1 Jir-n it... .um.gn i.eld 

is t]eflne<l ai X ■> ** ... (1). 

The ''deTialioa” (or ••erriT”) of the jield is iimplr the differenco between any 
indiTidnal yield and the aaerace. I e , (x, t», (x,— xj etc. The "eum of s-iuares 

of ileanati'ons " is cuen b> (Xi- x)* * (x, x)* * ... t'o •• •l"t 
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Th*- •'MMinrt'" of tJif yifM 
diTirfol V-y (n-l)t nr 


1 of rfinjrr* of 


Hrrr (n— 1) rrprr«onl« tW "JrprrM of frrodom” winch can bi* ii*oally id»ntific.f 
with the noTnl-Tf of indrp<-Tiil*nl ro*npm»oii* poMiWe in any giren ca«c In th** 
prf'cnt c*»nplo. wt» ran clrarh havf (n— 1) in'l'p'‘ndpnl comparisons l«*twe»n th« 
yields of (o) difTcrml plots 

It will l>c notirod that "variance” represents a kind of ascraeo of the sqoircv 
of dcTjations Th» '‘standard dexiaticn * or ‘'standard error” is defined aa thi 
aqnare mot of Iho aananer (which la eometimes also called the “root mean «qaire- 
deriation" or "rool mean sneate error*") 

The atnan'o defined in equation (3) is the vanance of indiaidaal plots, and tho 
correspondin? rtandard deviation or standard error obtain'd by estraetine th<* square 
root 11 the “standard error r<r plot ” 

The “s .iiante of the mean” of the aield* tUal i* of a is ntit.aiiied t)\ diiidmi; 
the arariance of indiridoal plcti by n, the total number of plots concerned. i e , u 
riven by 

- ntn— ll 


The "itindtrd error of the mean” is tb* square root of the above cxpresrion 
33'hsn more thin one character (or variate) is pre«en!, the covariance of any two 
eharacten (or any two a-amtes) is tiiralarlv defined as the sum of the products 
e! the eorrerpondiOK deviation* divided by the decree* of freesJom Thnt if (x,. >•» 
(X|.ytl< (x B. yn ) are th* n pairs of sallies ol the two charncters, and x and > 
their reepcctire averacee, then the eovarianee is piven t.a — 

(x ,~x) (y,— a) * (x, -x)(},-y) (Xn .xi(vb— M 

- (n-1) ■ • 

Ma\n tffttt and «n/»fae|m« — If wo hasep treatments (or factors) then the roam 
cSect of each Ireolment (or factor) is the mean value of the relevant treatment 
(or factor) for all combinations of the other factor? The main eRect is thus 
obtained by taking; the average over all plots in which this particnlar factor occurs. 

3Mien two or more factor* or treatments are used at the same time as in complex 
(factonai) expenraents, the total effect due to th' joint mBuence of two (or more) 
factor* may or may not be equal to the sum of the effects due to each of the factors 
taken separately Inteiacliow between the factors is defined as the maRnitude of 
the departure (if any) from the total effect calculated on the additive hypothesis 
■When the different factor* act independently the joint effect will he necessarily 
additive, and the interaction will be con«eqn»ntl> oil 

In an experiment involving p factor* we can consider ihe factor* m pairs, and 
we shall have one first-order interaction corresponding to each pair, or^ ** fir*t 

order interactions altogether We can also consider the factor* by threes, and in 
this case, if the fir*t-ord«r interactions are affected bj the presence of the third 
factor, then we shall get second-order interactions In the same wav we can also 
consider higher order interactions but nsually high order interactions are of little- 
practical importance 



appendix III, B. 

A note on spacing experiments. 

(S. S n-ER, M.A„ C«.nta of Agticolto,d 

Spacini; eiperimenls form a main item in Ik. ■ 

vs-tis 


Cross plot 
boundary. ±_ 


^Net plot botindaty 



Experifnental 

rouxs. 


J_i-J._U-.i_. 


Gross plot 20' X 44' 5" with 10 rows Z apart. 

.VfJ jSot IZ X 36' S’ with 6 rows 2' apart (l/lOO acre). 

Borders 2 rows on either side and V at ends of each plot. 

•Gross plot' IS the total area for the application of a treatment Within this 
area the treatment should he applied evenly 

‘.Yet plot' is the ultimate area fof 'plol y*eld’ It is the area of the gross plot 

uhich remains after the escluMon of the borders •’ ^ 

Border roif‘ — The^e ore rows within the git^s plot receiving the same treatment 
as other ro\rs but are rejected to avoid atyr bias due to competition and trespassinir 
effects It will be noted that end bordere of the same width as side borders 
hive also been marked This is very important but is often overlooked. 
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Of tbe two types cf spacm?; exnenmnits «paciiigs between rows and apactngs 
within rows, only in the former the plot swe and borders are to he specially adapted. 
If we consider 'a simple tjpc of spacing experiment with two spacing* 6'“ and 12" 
and a plot size as shown In figure 1, there will ultimately be 24 experimental rows 
6" apait .and 12 experimental rows 12* apart (each 36' 3" long) within a net plot 
of each treatment The tiJr boriiett will be 4' in both the spacing* t 8 rows 
at 6’ and 4 rows at 12" on either side of the plot The end borders will also be A'. 

In this instance the gros4 plot size* as well as the net plot sizes for the two treatment* 

will he alike When the spacings between low* are large as m (Ameucan) ‘cotton’ 
.and ‘sugarcane’, .and when the number of spacings to be tried is also many, there 
will be the difficulty of accommodating a certain number of rows within the same 
plot size For example, if spacings of 2^, 2^', 3' and 3^' are to be tried in an 
experiment, the net plot should have a width of at least 210' (the least common 
multiple of 2', 2i', 3' and 3^') With 105 rows at 2', 84 rows at 2J', 70 rows at 5' 
and 60 rows at 3^' A plot with this width is luturally out of question Further, 

if in addition, the gro»s plot sizes are aho to he equal, the width of the border 

will have to he 210‘ on either side. It is in such instances that faulty experimentation 
IS common. Two methods which are generally adopted in some of the schemes of 
the Imperial Council of Agricultural Research are — 

(1) Using different net plot sues fci the different spacing* and eomerting the 
plot yield to a common plot size for (he purpose of calculations 

(2j Putting down as many rows as the plot could accommodate of each 
spacug. 

The first method is often adopted m the spacing trials with sngaibeet at 
Rotbamsted But the differeuces between the spacings are often only 3" to 4' and 
tbe plot size* xary within very narrow limits In tbe second method also tbe 
plot sizes are unequal Foi example, let us n<«ume a net plot size of 12'x36i' 
or 1/100 acre in which two spacings 3' and 3^' are to be tried 4 rows at 3' can 
easily be put in while only o rows at 3J' can come in The plot width m tha 
UUei case wvU become l(^'x56 ot 1/114 acre 

One solution lu cases where the plot width has to be increased to an impracticable 
extent is to omit those spacing* which necessitate such increase In the instance 

mentioned above the onnssion o! 3)' spacing will reduce tbe width of the net plot 
to 30' taking Ij roirt nt J, /’ roics <tl fj' and 10 rows at 3'. By omitting 2J' a 
width of 42' wiU be sufficient Thus some preliminary experimentation appears to 
be necessary before a spacing experiment is conductea on the strictly randomised 
block type The actual spacings as well a* tbe number of different spacings to be 
tried should be selected so that a proper lay-out could be designed After all, 
it may not he necessary to lay-out 1 . IJ', 2', Zf, 3 and so on in one experunentv 
Two or three spacings which appear to yield equally or slightly different m a 
prelimimr)' experiment could he tried on the randomised block type to bring out the 
results coDclusnety One argument agaiost this suggestion would be that the ex- 
perimenter should have the choice of trying any spacing required by him. Con- 
sidering that in modern field experimentation, the experimenter has to plan bis ex- 

periments to allow of valid interpretation of resoUs, it i* no use overlooking such 
restrictions In complex experiments the necessity of a judicious selection of spac- 
ings IS more evident than in simple experiments 

The important point to be remembered is that m spacing experiments it is 
absolutely oecesory tbvt the net plot sizes are equal in all treatments .4doptioQ of 
equal gross plot sizes will mean huge gross plots and rejection of a large area by 
way of borders Tips difficulty cannot be obviated by conducting the expenment 
without borders altogether One way of solving this difficulty is to have tW Same 
net plot size for all treatments and sow one or two rows extra on either side with the 
same spicing a* the inner row* Tins will give different gross plot sizes But 

the expenmenter i- concerned only with net plot yields There will, however, be 

extra field work in laying out plots of different size* 

Dorders — A word about 'borders' and 'border effect' appear* necessarv as they 
are not clearly under&iooJ by some experiments An un lovn spiye or one or two 
lines ot plants grown between two plot* do not form ‘borders’. Their reJ»:tioa 
cannot eliminate the 'I'order effect' Due to competition and tre«pa«sing effects 
the edge rows of eseh plot are infiucnced by the treatment of the adjacent plot. An 
un sown area may eliminate competition lietweeQ the adjacent treatments but the 
•edge rows of Uie adjacent plots will still be in a different environroentent compared 
to the inner rows. It will be clear that to avoid the ‘border effect’ tbe edge rowa 
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which fona part of the plot (gross plot) and which receive the same treatment as 
the inner rows should he rejected. When this is done there is no necessity to 
provide unsown area or one or two lines of untreated plants. 

To summaribe the main conclusions reached in this note : — 

(1) In spacing experiments due care has to be taken that the net plot sizes 

i e., the ultimate experimental plot sizes should be equal for the different 
treatments 

The gross plot sizes may he equal or uneqoal as circumstances permit. 

(2) To avoid 'border effect' it is necessary to omit ‘border rows’ on either 

•side and at the ends. It is no use leanng either non-experinientaL 
margins or hlaok spaces 
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APPENDIX III, C. 


A case for the adoption ol confounded designs in agricultural 
research in India. 


(S S nO«i: Cffffcfrrnf CnUuV'^ 1 

Th» of ftcioriki expMimrnt» »fe n»w ■Ppn*c5»t»d to this country. 

The diRtrenc* bclwcrn k *imrle ctn»ninrjit and a (iclortal etp<*nm<*nl is this Ihtt 
srhile in the former, factors are made to rary one at »v time, in the latter a num^r 
of f.ictors are vanrd nmnUareonUx m one oompact arramp-ment Thus, a desien 
containnc three different do«es of nitmjen or pho«pfnle repeated orer, my fire 
randomijed lilocks, rrould l-e a simple experiment while another one conlainintt nine 
coirhirationt of three do*r« o! nitrocrn and three df>«e« of pho«pl ste would be » 
fartonal experiment The UnouI »• olherwi*r ihe ^iri* The adianlxces of factorial 
de*im« n\er the simple rne« are twofold (1) Creater efficiency n that thesn 
factors fN and V) are «\al«ated with the rxmo preeiMon hy me\n» of only a 
fraction of the eh»ervaliors tliat would otherwise t«» neee««xrj (2) Greater compre 
heii*irfne*i in ihit in addition to the eff'Cts of stnjie faetor* their possible interactions 
are evalutlid. There is a third adtanta:;e namelr that 'he coni-Iii«ions of a fxetona! 
expe-ni»nt !n\e a much wid>r inductis. Isi^is jhxn tho«e from .i one factor test 

These ad\anta.;es are well-known but practical difficultic' arue a« the number 
of factors are increased from two to three or from tiire» lo (out Ihus will two 

xarniits of each, a three fartor anainttnuiii isHiiiins 2^ <ii <n:lit treatment combina 
tions; with three \arurts. this nu>nl>er is 5* or iwenia ««seti combinations and 
with four, the numher of treatment combinations are no lets than sixty-fenr. 
Thus tha block .mutt contain ci^ht plots for two vanantt twenty «xcn fot 
three s-anants and* sixty four for four %arianl« It wc work with plots of 1/40 
acre, the iixe that is frciuentl.t used etch block sue would be about 1/6 acre for 
two xarianit and more tinii *jii acre and a ball for tlie four \ariants It is 
obtious that such Urco block sues are not only often diffiiult to secure m an 
esp(.rinieulal farm but the »<>il heu-roccneitx l>etwveti difiemii portion* of such 
a larpe block would give ri«e to a high experimental error resulting in a poor 
over all efiicieney of the test as a whole 

One way out is naturalli t<» reduie the |ilot sire Hut <ien then leaMog aside 
the ca«e oi four variants, we iicd a plot »uo of 1 108 ii.re u> ac.,ommodate twentv- 
seieii plots III a block of a cpijuei «f an a-.i« Ibi^ i- iin i.nibtetili ii \erv small 
area, often difficult to maiiace for poipose> of ploughuig and other cultivation 
ooerations. To meet.this diflicultv. tb> split plot ana-icei-u ni consisting of whole- 
plot and subplot treatments were deseloped But a innie ,j,.wriful method is 
tho confounded arrangement 'lliis is extremely s'lital.le to me-t the increising 
demands of modern agricultural researcli and at the -.aiiie time to miintain a high 
standard of precision 


The uxe of confounded arrangements is based on piactical considerations of 
usefulness and economy Fisher has explained the position in this way . “A 
factonally arranged expeewneut tupY.lies mfornialioiv on a Urge number of expeu- 
inenfal compansons Some of these, such as the eflects oi single lactors, xrill 
always be of interest It is seldom, too, that xve should be willing to forego know- 
ledge oi any interactions which may exist between pairs of these factors But 
in the case of interactions involving three factors or inoie, the. position is ohen 
somewhat different Such interactions may with reason be deemed of little expen- 
mental value, either becau'e the expenmenter is confident that they are quantitatively 
unimportant, or because if they were knoxvn to exist, there would bo no immediate 
prospe’et of the fact being utilised In sneb cases we may u'efullv adopt the 
artifice knoivn as 'Confounding' ” iDesign of Experiment, p 116) 

It 18 not difficult to apply this principle in practice The whole set of treatment 
combinations is divided into two or three or more groups such that the contrasts 
between them shall be the contrasts between interactions that are considered unim- 
portant These groups are then allotted to uiffereut sub-blocks within each blo'-k 
The difference between sub Mocks within block tiow giies the measure of the 
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'iDt€racti0D3 that aie being sacrificed; in other words, the arrangement is such that 
■ some of the interactions are deliberately confounded with the sub-block differences. 

Consider the case of a 3x3x3 arrangement in which we propose to confound 
the second order inteiaction The block of twenty-seven plots is divided into three 
sub-blocks of nine plots each Three snitably chosen groups of nine treatments 
-each are then allotted to them, the position of treatments in each sub-block being 
• obtained at random. Such an arrang^ent is shown m Fig. I 
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Fir, 1 .Scheme of a CoiifoutuM ExpcrimMit with thiee lacto, 
■th«e stages of abundance 1, 2 and i. (The second order lo 
■nvith sub-block differences ) 


. .. b and c, each is 
•raetioo is confounded 

1 possible combinations 


The three sub-blocks taken together conUm the twenty-seven possiuie com«.u* 
this factors but instead of pulliog the ^hole set in one block of twenty-seven 
‘plot? tLse been dmded mlo three sub-blocks of nine plots 

T — the tweotv-sexen treatments into three poitions, it was decided to 
J^o^fh^^lecond order mteraction beUveen a. b aud c. but to keep intact aU 
sacrifice the * fh« i»nmary responses as well as the mutual interactions 

informations » formula for this procedure may be stated as follows >— 

between Vha three levels of each ingredient must be represented by three 

In (ijl the nine combinations of each pair of vigredieats must bo re- 

InsenUd'ijy o™ p'»‘ 

i« shown in Fic 1. In this partkul.ir c.ise of a 3x3x3 arrange 

Such a dnis>‘'*n .i-^rces of freedom for the second order interactions. The 

ment, there .L three sub blocks m Fig 1 gives two degrees of freedom 

sum of ® Ti is DO«tble to dmde the twenlyseven combinations into three 

ont of the e'P'*'- , Kich of these ways accounU for two de^ees of 

croups by four ‘^>“7 .^c up four Mocks for the exporiment ns a wlioU, we 

freedom .md thus i we i freedom belonging to the second 

mav confound tho two ouv dntnbuto the confounding oyer the whole 

order, intoraclion^.a^^^l 

experune ,,.,,il.utmg confounded degrees of freedom amoog the v-anous 

The method of This has the additional advantage that from 

blocks H called mformation regarding the second order interaction my 

S,ch set of tbiee block'. SO'” y,,,„ctior. of data ii. confounded design .s neiiesMnlv 
U recovered. The (,.e layout but with a little hit of practice, one can pick 

UteSd to in arrangements 

up the metbo ° methods of confounde<l desgins have been ei- 

n.r.nff the b‘t n'c j verv eRleienl. At Itothamsted there is 

f^nshclv Led and i'"’ /’^^"foun.led arrangements Careful thinking i, required in 
low an iucccasmc u*e of „,,erimenter mu-t in.ake up his mind as to the 

iriii' such df'icu'. 1^”’ , I.ad to useful informations and also inter- 
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• ciion* muy »l lh»l »l»e» W OitM lliu, tin* »t4liitKiin in k 

|v>»itn^n 1o «it»w « pUn In »nit <)>•• nr**.!* III* npni'nlliin*! in all th^ir dfUil. 

In ’fr>Tiff<on'l*fl* lli* IWk Mr* I** coii«ul'“f*l>ly rM'ieeH ' »nd 

Ct>n«*<jn*'ntU rfTrrturlj ttinlrolIM At lli* »»m* tim*, the RTPit 

of k fatlontl eiprninriil n*in*ly lt« cnTnprflien«urn**« it» wicl* indo-'liye 
I'wi* *ncl it» ffTioiencT troiiH !•* «11 |»iT**n*<l 

In the mtcri-t of informatioti »n>l preri«ioti. il i« tliTeforr that the 

u<e of confounded deMcn* rhonid l>e enaiun);**! in *11 important aenniltaral rtations 
of India One «nr<l of cniiiton i* lio«e\rr ncce*<Ar} Tli* doi^n and analytis 
of conloundM eipenmentr imoKe a critical knoirle>lee of the inner itnicturo of 
the factorial de<i(m« and rlisht iiiatniracie« mar renil'r the cipenmenl completeljr 
tnralid 
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APPENDIX III, D. 


■Sampling technique for juice quality of the cane crop. 


(NOTE EEOEIVED FBOM THE GOVERNMENT OF BIHAR.) 

iKTRODUCnOif. 

One of the important pre-reqoisites for arriWng at an accurate data for juice 

• quality of the cane crop in a field is the sampling technique employed for the purpose. 
Enquiries from various sources vrere made early with the establishment of the 
Eesearch Station in the Province and the technique employed at those auncultural 
stations was tested and was found to give high variation when the sucrose values were 

• compared with those of the entire plot crashed and analysed. Necessarily, therefore, 
a deviation from the procedure employed was called for and experiments vi’ere initiated 
in the line. 


IlrsrJii or the ExPEnmisrs 

a view to systematise the sampling technique, m the first instance stalk 
and clump variations were worked out. It was meant to show which of the two 
would seme better method of sampling a field These determinations were made 
during early, mid and late seasons Since stalk sanations, as will be evident from 
the data presented later in the tetl. were more pronounced, it was considered that a 
farther detailed study was called for and. therefore, deviation* from mean sucrose 
values amongst stalks of 'a', ‘b’ and ‘c’ order (B.arber — Aer Memoirs— Bot senes— 
1930) were worked out. The«e weie only worked out on the 16th December 1933 But 
clump sampling was done during earls, mid and late «easons The sanation was 
studied from single, two. three, etc., to ten clumps per plot of l'40th of an acre 
standard size employed for experimental purposes The piocedme adopted fm drasving 
Mif. clump samples 'from experimental plot* was as described below For determining 
whieh clump or clumps in a jdot should be cut. number of clumps Ukelv to be met 
Itth in each of the low of a plot w-ere written on small slips and the*e were svell 
Ihnffled and a slip drawn out of it The drawn number represented the clump to be 
* the labelled side of the plot Where only one rlump was to be drawn that 

. cut irom . ^ vfhere more were required the same number of .-hits 

"'“"P 

svere nr of leaves was topped After carefully separating the remaining 

. and omy . leaves and cleaning the mots the canes were crushed and 

leaf , .pj,- results obtained are snTnman<ed later m the text 

juice anaiysea. » = 

iu>,«t.eh clump s-ampling showed more consi*fent results than the stalk sampling, 
.ytnouu , . t involved particularly in cases of weekly ind fortnightlv programme 
the loss 01 • pgnsiderable. Therefore, to avoid cutting large mass of material, a 

comprising the use of hand refractometer and the hypodermic syringe 
-new , Fiftv stalks in, a plot. l/40th of an acre were marked at random 

was workea o • were drawn in the manner desenbed above Refractometer 

in clomps, o s bottom intemode* were recorded and mean for 

hrix out separately Three, four, five . to ten stalks respectively 

-each stalk wor readings of the fifty stalks were 

'having mean 'atialyscd. The data thu* derived gave interesting Vesulls 

'harvested, crusn ^ refractomefer *tadie* it was found that the method of 

Later „ bottom four intemodes. 3rd to 6th internodes, pave higher coefficient 

taking hrix iron* . ^ „„{hocl of Uking hrix from the top de.ad leaf internode and the 
of variation therefore, adopted for studies in sampling 

liottom above. 

-technique descrio- 


Suuv*niSED 


. . T.nfo mean incrose valnes for randomised clump 

The deviation _ jn Toblr I and their frequency di'tnhnti 

.f.ilk sampling nre gi'v 

Tig. I- 




Tb" dkU and tbe (raph arc a'lf es|iUnalor)r IUnJomi>r<l cluni}< »anii>lin;; {« 
«\i(Jrsll/ a l-'tUr irribod Jjrlj in iJ^ M-aw-i> in lolli ci*\» *re Junrr 

f'ronoun«><J lhan UU in thr *<-aion which t»nj to «|p<rra»» morr rapidlv in ranilomtaeJ 
atalk aamplci than in rtndomikM clump aampira Mitantf of Ihr atalki arcmi to L« 
tr.ainljr mponiiMe for auch a wide variaiion ai will fm lent from Tabi* ,:itea 
IkIow j— » 

TAIILK II 

Vinunox •rrwm rraLK or V. V a>D 'c* orpui— VamiTT Co 215 
Nature 

Order of atalka. of Remarka. 

variation. 

Stalk* of “ A *' order . .... 0'41 The experiment was condnetod 

±•037 on December 16th, 1933, 

Stalks of •• 11 •*, order . .... 0‘03 

±•131 

Stalka of •• C ” order 1*05 

±•277 

St&lka of 'A' order gave very low vanatlon compared to that of 'B’ or 'C’ orders. 
Katarallr, therefore, stalk variatioo la of such an order that greater reliance can only 
be placed when a sample consisting of a large number of stalks la taken into considi>ra> 
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As has aJieadj- been menlioncd cJump *aiapliag {Ta!>?e 2) showad a smaller %^rsatioa 
eompared to stalk \'ariatjaQ. As sach, therefore, clamp sampling was taken as the 
raetiiod (bat would jield reliable resnlts. The experiments were continned for three 
seasons, 1S33— 1956 and the results indicate that m nonnally grown plots randoffiJsed 
sefen-wholo clumps sample in the earfy-part of the crushing Fcason, ni ^ early November 
to end Vecemher and rasidomtsed three irhoJe claatpi sample in the ’latter part, cir,, 
beginning of Jannaiv onwards taken at different points in a plot, l/^Otb of an acre, 
reduce coasiderahly the personal and other errors a^ ensnre reliable results 

For ei-perimental plots especially where ewnparatne jatce qnahtiea of varieties or 
treatments are de?ii<?d the method of ataljf satnplmg by means of hand refnictoraeter 
prowl more suttablo Working out of the method snowed that E4mphng of fifty stalks 
at random and selecting even three slaiks for a sample gmng brix valuer close to th** 
mean of 50 readings gaw sucrose vahiea veiv similar to those when the entire plot was 
harvested and crushed at a time. The weftcient of vafiatjon was still lower jn this 
case than the thrc^-whole clumps or seven-whole clumps samples. The method of arriwng- 
at mean bnx ultimately adapted was by taking of the bnv reading* of only the top 
dead le.if laternode and the bottom visible internode 

Besides the reliability of the results eblamed by this method the great sanng m the* 
cane material as already pointed out above is an evtra gam 

Since Hand llefroclotneler is not osed at the Fams, for the present, method of clump 
sampling has only been given out The instructions issued in that connection ore given 
below 


iKSTnccnojts ntciRinNo fnwrtisc or cixr. it the PaRsts w Bintn OiW'St 


The work oa the technique of field sampling has shown that in normally grown plofs 
{as IS the case at the Farms) randomised seven-whole clumps sample in the early jiari 
of the CJUfhiRfi season, vi: , early, Novemlier to end December and randomised tbrpf 
whole clumps m the latter part, ns , beginump of January onwards taken at different 
point m a plot of 3 '^h of an acre redooe considerably the pereonal and other errors and 
ensure reliable resuUe Their ndopUou in place of (he method or methods alrcadv in 
vogue at the farms u, therefore, recoimocnded The followinc instrwcdons will It is 
expected, make the new procedure to be followed easily intelligible to the rnrm staff 
i, Saaple only the plot’ discwlmg the outer one row on nther side and 

SIS feet hor<k»r each on the other (no sides to elimmato the ‘border effect For instance, 
a plot of fi\e TOWS should b.vve (he central three tows sampled 

2 Por deteimijiing which eJomp or clump-s m a row or plot should be ei« write 
down on aejiaralc piece of paper the mimber of clump* Iikelv to be met with »n cnch 
row giving l«>th the HUiiiber of clump and number ot row on each ihif. shuffle them 
well aod drawj the drann number being alwjiys counted from the labelled aide Thai 
drawn number twejsly-thirii row I means twcntythird clump from the side which »* 
labelled in the first row and so on It may be pomtej out that it ts not ncceswiry to 
indiiidu^iy count (he (otal number of clumps m a row before UrawiOR lots Rough 
idea ns to the likely number of clamps to bo met m one clmm or two chains Icnjth 
of row is enough. 

3. Do not discard any of (he clumps bccaqee (hey are poorly grown 

4. Cat the whole clomp flush with the ground, fop them at the iwinl point fneilhe- 
too high nor to,-* Ion } »> e-irh cu-c, f>nf not them laliel s«-nd to the crii'hms 
null. 


5. Strip the jialk* l>i»t lejort thej on- to be «u-hei!. pro^vrU remoimg atladie<{ 
roots, soil p.irdcli’s, cte. 

6. All the canes in a sample sbonW Iw erwhed tind-r as imiform ainditioo* of seUi.ifc 
of Ihe roller? n«d speed flf (hr bullock* o« possible 

7. RiMoet (he first few ec of (he jmcc fwwn i-%th »>rople It v 'vn imj-wtniil jiid 

the Farm lai'Onr •lumtd be tr.Mnod to feed in eqrtil or uuml*-!-*. lln* (op ami 

butt fiuN of (ho cine stalks in (he (mil. fo (hit (he ‘repTliun i* not from lo,'> or 
bottom internode* .iTonc 


a UVigli tlie pinp end nflcr ihorowch muiilg sciul a rei.Tr«enU(i*e 1 lb sample 
properly UMh-h for analj*!* as soon after cru»Hiri? «» r.«»tWe 

II Wlierr Ih-* pk’t is bij the wiiwl'ct of »l«np* taken wilt deprml ui*>n i!i. vamiion 
that IS met with \n the f.cb! In one acre field wlwn iar.a(«ow wa* Mntji n<-i mars-M 
l?ic»o inilepcjjib-'jt »r\i’si ilniTijw samjdr* drawn ind»>i»w«lir from dirercn* ran I'm 
site* and ain!y*od separately gate • '»iy rrball^ treisuro »'! (be i-atunty of t'.: 


crop 




APPElfD33C IV, A. 

(fi) Kotes on Subject I.(A review of soil survey work in India 
up-to-date witb suggestions for the future). 

[IsOTE BV BB J K, D.AStJ, Sott PAytteitl, Surtfarcant SeAeim, Ilotnla^ 
Decean^ Pade^aonl. 

(I) UEvitvr OF Wonic 

Tlio literature oji soil survey* anj rel.i(c<l subjects iu Iiiclia t* vast auJ it would not 
•be possible to do justice to all the available work m a short note. In order to briog 
•out the salient features, however^ it is thoucht desirable to classify the work into four 
broad groups according to the nature of the subjects and methods adopted therein. 
A 8omewh.at similar classification has been used by the Bussian soil, scientist 
Tolajkon {i; in discussing the sod sariey work of the n-orld. The difsilicAtion nro- 
.posed to deal with the Indian htcratiire is enumerated below . — 

(1) The Applieil which is based on the suitability of soils for certain 

crops obtainable from the local cultivators 

(2) TAe i’tolcQteo ptiroijTaphteat, m which the .«oili arc grouped according to (ho 

geological petrographical ch.arac(ef of the rocks which make up the sod 

(3) TAe phytical and eAtmieal clMstAmt$on$ according to the mam chemical and 

pht'sicaj (including mechanical) features of the surface and subsoil. 

(4) TAe Gentdi Clauifieatton by which sods arc divided into groups depending 

on their origin and development In this aj-stem the sod profile is taken 
as a unit nf study. 

(J) TAe dpjifierf rfasii^cntion —This system of sod clas.'jficaiion is mainly used by 
•the £e(tlt'fflent Officers in various parts of India for (he purpose of land assessmerls 
•and is nrolahly the earliest m the history of soil survey in India The vlaswllcation 
is based on crop yields and related obv*ious soil properties which determine the ••ids' 
power of imbibing and retaining moisture guolation from .Molhsonf*) will iiJustnite 
the tyttem followe<l in the Bi-cean— “According to this sislem sH soili arc ranged 
under nine daises and three orders. The depth of (he sod iK-iidi’S the ciass, whilst ihu 
<oto(ir and consistence dctcrmtcie (h« order The nee<l of lo many subdivisions is 
‘Ospecially necessary ui the Deccan where owing to the broken character of ihe country 
the soils are very variable." Systems followed in differi’m p.vrls of India are dilTer.uit 
Jind the ba<ic factors H«ed for classification are such as to suit the local condition* only 
Ilowevcr, very valuable informations feg.-irding the produrlivitv «f diffrrent soils and 
their suitability for ranou* crops may be had from thrse accounts 

(2\ TAe Ge^loyieo-petrograiiAKoi ehstificafion —Thit system originatcil with the 
Berman school of soil scientists who regarded soils mainly as decomposition products 
of rocks and ignored Iho vciy important influcnrcs of tbmile end vegrtatiori on the 
proevs,«cs of soil formation Jl was mainly doe to the fxciiliar iMiiire of ihc itmntry 
where the sanations in parent materulv ami gf«)og> an- of grral inagniluile whereas 
the climate remauu the tame throughout the emmirv and lunn? the former factor 
practlcilly Jetermines the nature of soil formation Thu vi.-w point of sml 

formation in Indi.s was nut forth by various worker* of the fJr'ilo.-iral survey of Inain 
■<3). (1). (5). (9). ('h I8l, 1 b), nnd without doubt fonni an impori.nii rotiirduiflnn to o’lr 
prt«ent inowlrslgc of the soils of Iitdis Tin* s«d»j«*l In* Ufu ilevlt wiHi liy fllilliani (ID) 
in his book on Indian Orology and recently by Wadia amj ..ibi riiJDwbo have revievud 
the problem in a very thorough gv.ing iramwr wuh an rh(v<fate (.i(.{i»„Tajiti\ 

(3) TAe /'Ay'ic«f anti CAtmieat f’/arsiAmfiwn* — ^The*e rrethodi hare Ix-en v.wy 
<xtensircly used in England and .^rn'Tira prior lo the inlrrelui Mon <.f ilir mo'l'Tn 
genetic tytUm of soil clavvifiralton This aehool luoked np-u nol in «lf»e reUltnnvli'p 
•with plant growth This “acrcrnomir*' stpwpoini snneht the mvsleries of chemical 
Tesctions in sods The soil was (o them Iho “twit tiihc** in which one mieht inlnwlii'e 
the chemiral ingredients for phni gn»wth Thw chemical comf'oniinn of Ihe plant »i* 
the criterion hr which one wnuM judge Ihw ooil* This view punt was rrevalenl in 
Tndia in most of the soil sarvey work till ree^ntly A huge arnr mil of literature i* 
.arsiIsMe and it could l>e only 'frssjWh to deal with the iriwManl frstnre* of ••‘O'* 
•work only in this connection. 

/toil anrrrys under this h^*d arw In Iho nature of soil recnnnslrunre Tliey sr* 
tisnsllv of two types; (A) fkvil sanrrys from Ihe “agronomic" viewpoint deal with th» 
rdsnl ’{ooA rKioirrirtent*. tnsinlv. nitrrvgen. fn!*«h. phovphnrje *e{d and lime for s*n<ty hg 
tl« suitabilitv of different soils for crops; (B) Sanvys (n connection with irrlgstl'm 
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BroiecU, however, have other object* in view and the toil* are analyied for nhyaical 
rroperlies connected with drainage, chemical deUrminationa like lolublo falta, loil 
leaction, exchangeable basis etc Although the soils are examined to a much greater 
depth in the latter case than in the former, the morphological characteristics of the 
sod profile are rarely taken into consideration. We «hall now discuss the subjects brieCy 
'Under two separate heads 

(A) Several important soil surveys have been recently completed by the Madras 
Department of Agriculture. These comprise surveys of the deltaic areas of 
the districts of Tanjore (1914), Guntur (1915), Krishna, Godavari (1922) and 
of the Periyor tract of the Madura district (1923) and of Malabar (1923). 
The object of the surve)* is to obtain some knowledge of the manurial 
requirements of the districts It does not pretend to determine the relative 
fertility of the soils Tn 1919, Wilsdon ^stressed the importance of systematic 
soil surveys m India and described several main types of soils of the 
Punjab according to their physical characteristics Later in a publication 
on soils of the Punjab (1928) Lander and otherstS have summarised the 
up-to-date work on soils of the Punjab in which they have followed a 
geographical distribution of the province into five mam divisions and have 
discussed the distinguishing characteristics of various soils Recently a 
survey of tea soils in the Kangra valley (1934) in the Punjab has been under- 
taken with a view to study the factors that are responsible for the poor 
growth of tea plants on the tea estates Similar surveys of the tea soils of 
Assam have b^n completed by the staff of the Indian Tea Association. 
In this connection the soils of the Mandaldai, Bishnath, Tezpur, North 
Lakhunpur (1922), South Sylhet, Dhnnsmi, Nowgong (1924), North Sylhet, 
Golaghat Division (1925) and of the Terai (1926) have been examined Tn 
Assam, further work on soil survey of the Jorhal Sub-Division has been 
undertaken bv the Agricultural Department, especial attention being paid 
to the soil acidity In Burma a chemical and physical examination of soils 
with a view to ascertaining fertilizer requirement has been completed tor 
Akyab (1925), Pegu district (1^1) and Mandalay canal area (19 m}. Later 
in 1935, a survey of the sugarcane soils has been taken up in which 
analysis of canes grown in different tracts has been used to determine the 
deficiencies or otherwise of soils Considerable emount of survey has alto 
been carried out by Bihar and Orissa Department of Agriculture which 
covers representative areas of ^uth Bhagalpur (19191^), Santal Pargauas 
(1920), Saran District (1922 26), South Monghyr (1923), Gaya and Pitna 
districts (1925) Surveys of this kind have also been conducted in some parts 
of Central Provinces (1920). United Provinces (1928), Travancore (1928). 
Cochin (1930) and of Bengal (19U) 

■(B) Surveys of this tvpe have been conducted in Madras, Mysore, Punjab. Smd 
and Bombay Soil surveys of the (1) I,ov\er Dhvvaui, (2) Cauvery Mettur, 
(3) Tungabhadca and (4) Toludar were undertaken recently (1934) by tic 
JIadras Department of AgncuKiire of which the reports of the first two 
are already out It has been found that, although alkaline patches are 
noticeable m the soils of new areas under Cauvery Mettur Project, there will 
be no danger of alkalinity developing provided drainage facilities are given. 
The Bhavani soils are porous and it is likely that seepage may cause heavy 
transmission losses from the c.inals The soil survey of the Irwin canal in 
Jlysoie was completed in 1929 It covers an area of 70,000 acres and tho 
analyses consist of mechanical, chemical and colloidal constituents of soils 
In the Punjab (1930) extensive soil surveys were earned out on behalf of 
the Irngation Department, in connection with irrigation schemes for Haveli 
proj'eet, the Khiklee Pirmaha! and Buraia tracts of the Lower Chenab 
canals Further in connection with a T,Toie(>f»,l i.-j„ 

tube well irrig.vtion, a soil and undergi ■■ 

acres of Gurda<pur and Amritsar disl ■ i 

survey indicated that the soil of an e • 

irrigation and that the nualitv of the ur • ■ I'l 

tory for irrigation Similar anrvers in L • • • „ 

are in progress In the Lloyd ^rrage . • , • t • ■ 

survey has been made over an area of 1 * • • 

Council of Agricultural Research have i' ■ ■ .. sw»» suivey 

according to modem methods for this area In the Bombay Presidency a 
soil snrvev and soil classification on the depth and drvinace basis has h^n 
recently (1932) eomnleted hy the Irrigation Research Division on the maior 
canals of the Bombay Deccan. ‘ 
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(4) Tht Denttic Claasi^eation. — The geoeftc t^gtem oi sml c^asstfication was tfeveJopeiJ 
pncnanly two brilliant Eussian pedologists Dokuchaiev \1^) and Sibirtrer (IMS) 
who recognised the sod fornimg processes as bases for their !.oiI classification. Tlie 
*'Jaw of the development of soil types oo the earth’s suifacc under the influence of 
dimate” was brought out fay these scientists for the fiist tune ii-Jiic)] uas ]jter put on a 
sounder foundation by Ghnkalt „}jo introduced the modem coutept of soil as an 
"independent, natural, historieaf hoily" whose complete expression is to be sought in 
% soil profile. This classification is stated m terms of maturity of piofile developnieut 
pad the intensity of leaching by percolating watei .Although this system has a leaning 
towards climate as the most potent factor foi «otI formation it doe^ not ignore parent 
paatenal altogether. Thus Glinka wrote — "It should be lewemhered that we designate 
as soil the products of weathering whieli lemaiii in the place nhere weathered U 
must carry the impression of all inner and outei force* udiich ha>. taken part in its 
formation. In the morphology of the soil type the climatic condiCioiM of the locaJitv. 
the combined effect of moisture and heal the essential features of icgefation and the 
character of the parent rock all find expression Each of these factors constitutes a 
part of the soil forming processes ’* 

The complete or partial genetic methods of soil survey hare been recently employed 
in Bombay, the Punjab, Central Pronnees. Madras and a few othci pLiccs. In 1932, 
the Sugarcane Research Station at Padeg.ion tnombay] started an e\tensire soil survey 
on the modem lines of the Deccan Can.il sods with a vwv to stutly the suitability of 
soils for irrigation and cane growing The work on tluec majoi ’ canals has been 
completed and eight soil types have been worked out which po*?css fundamcntaliy 
different properties with regard to their morphological, physical, cnemicnl, colloidal and 
biological characteristics Further work on their inter-genetjc relationships. infliieijc*s 
of the miaerelogical comporition of the parent material on soil t}ye*. phase differen'e 
and maturity of profile development etc . is in progress In the Centr.il rrovjnecs (be 
clay fractions of some soils were submitted to fusion analysis. The resolt* show the 
eonstancy oi the silica .♦ ses^moxi^e ratios ol black soih derived from di/ffnmt rocks 
Similar work in Madras shows that the silica «e<qoioxide5 ratio* of black ‘oils ire 
definitely higher than those of red soils occurring m the same tract In the Puniab 
Mackenria Taylor and his associates h-ive studied several soil profiles in the ITiII 
areas of the Kulu Forest Division. Influence of forest growth cn the processes ol 
podsolisatloQ has been studied in this «innecti''n. Tl'orfc on genetic lines i* in progri>« 
at Saboar in Bihar, Dacca in Bengal and in Hyderabad and seieral other phres huf as 
no informations are yet available in the departmental reports it is not poiwble to 
discuss them for the present. Finally wo inti*t acknowledge the very suggestne hook n 
"The natural conditions of soil rorm.ition in India" by Miss Z J 5chokal*k\ who )u* 
given us some Biissian outlook on Indian soils from the nvaiTable data Tins tompiU 
tion is likely to be verj' useful in our future work on soil surveys in fnilh 

(II) The pr.ESEVT Posmos- or Tnc Worn: 

From a survey of the availrWo literature on the subject the present position of tin 
work on soil surveys in India may be .<tumroed up as follows — 

• (Z) There is a great deal of material regarding the productinty of lndi.in -oil* 

obtainable from the settfcmvnt reports of various pruMacca ninth may 
serve as a guide in future planning of soil surveys 
(2) The various records of the Geological Suricy of India .ahouml in literature 
on the broad relationships of sod formation with the parent materials 
which may sen-e as a uvful foundation for further irivestigntion* on soil 
classification. 

(5) The greatest amount of wort has I*een done* so far occordihg to the physical 

and chcmic.il method* of sod chis-ification These surveys Inir given us 
already a rn.i*a of data on sods regaiding their chemical and physical 
nature, their deficiencies or otherwise in plant food mnteriah together with 
their field responses to manuring limit* of nlkali beyond which agricultural 
crops are unable to thrne well and tlir methods of their ame/iomtion when 
totallr unfit for crop growing There is, howeirr a great hick of their 
co-ordination and a thorough understanding on the genetic relation*hip* of 
various soils so that the results of one csperimcntal f.inn cannot b" applied 
to another with n great degree of certainty. It is almost impossible to 
forecast th-i probable Ivk-iviour of soil* under imgation on the ha-i* of 
4 'wicultural an.ily«cs of sod*, w/iicli does not t.ike into .lewniiit the soil 
profile as a unit of studf. Similar lack of iaformalioiis on the fundimcnld 
' nature of an alk.ili totl mai Kid (« futih efforts on the rccl.imifion of 

such soils 
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(4) It i# true that the genetic methods of soil suivey ha\e been recently undcr- 
’ • - •• «v«*nfn^tal stations in India but the methods ad^ted 


measured, textnrc deterauDed bv jiieuMiuvuj .•...•v-'- 

tests, structures nroperly described and photos and sketches supplied to 
explain them; coionr should be measured by means of colour discs and 
colour c^rts so that there is hardly any loop liole for ambiguity xnd 
differences of opinion Collection of monoliths for typical soil profiles 
should be kept in order to serse for future reference work. Finally the 
laboratory analyses should he such as to bring out the important soil’ 
charscieristics as obseried in tfie field so that the profiles are thoroughly 
ilefined chemically as well as physically once for all. Over and above this, 
• the methods of analysis should be so cho<en that the origin, nature snd 

reactivities of the soils or in other nords the genetic relationships for 
various soils are brought out in clear relief For this purpo«e the Russian 
methods of soil analysts may be found rery suitable 

(lit) Fctitie Plan of Woiik 

T»> Tilanniue for a future programme of sod survey on an All-India basis, the wide 

- , * ' 1 --W.. the variations in geograpny, 

ic proportion should not bo 
. -d in detail. We shall limit 

oui uiSi-s.-.,.. . e»fnt 

The dimatic cohiideration has been stressed by the Bossian soil scientist* to the 
greatest extent. The cause is not very far to seek vihen we take into account the 
climate and geology of this great sub-motinent Let us exaroloe to what ex(e&^ it is 
applicable lo' Indian conditions For this purpose we can take Lang’s “rain factor' (^*Y 
Le , the tneau annual rainfall in mra duided by the mean annual tomperatnre in OC 
as a first approximation for measuring the relative humidities (or leachings) of different 
places. The importance of this factor has been recently strengthened by the work c( 
Crowtherf**) who has ihoun thatSiOtAftOy ratio m (he weathered product m correlated 
negatively with rainfall and positively with temperature thus shomng that the effective 
ageot is not the amount of ram but the quantity of water circulating through the seil 
mass which it expressed by this ratio U will be interesting to examine the "raiit 
iactors" for several well-known place* of India a* given below — ' 

Lony’r Ttain fattor 

(/.’ono« 0—20) 

Jacobabad (3 9j ; 3Iultan (6 6) Ilvderabad Sind 17 0). 

Leh (16 9); Rellary (18 1) 


(Ronyr 21— Wl 

-Coimbatore (21 6) ; Jaipur (24 01 . Delhi (27 8} , Poona (30 6) ; 
Hyderabad Deccan (30 9). Akola (310). Madura l3l 7) , 
Nellore (33 2) , Indore (34 9) , Benares (40 0) 

IBonye 41—60). 

Bangalure (40 9) , Nagpur (44 6) ; Madras (44 9) , Patna t«6 4) ; 
Belgaura (55 3), Cuttack (58 2) ; Jobbalpur (S8*4) 

ittonjt 61_B0) 

Calcutta (605); Trivandrum (62*1) 

(Roeye 101— IX) 

Bombay (100 6) • Cabcut (114-1). 



iJlrngt J21--J40}. 

Simla (125-E); Ootacaruund (135*0). 


aboie 161).. 

Darjeeling (274-8) j Cherrapanji (772-7) 

To one nJio is ireJJ ae<joaintc<| with the soiU of the above places ft would be <j«it«- 

eTident lliat Tndo diitercncea do cTist among soils possessing similar ’ rain factors'*. 

Coming to geological considerations we have instances in Madras Presidency uU»re 
both Black and Bed soils aro to he found side by side under similar climatic comlition 
derived from similar parent material, ris, gramte or gneiss Here the minerologicat 
composition of the rock maj* b® the dccuHng factor The Black soils mnv he traced on 
various formations such as traps, gmmtes^ gneisses, limo-stone and shales in sanoiis 
places—a fact svhicli strongly suggests jts being of a climatic soil tvpe Ixiterites arise 

from the weathering of aery different rocks (granite, diorite etc) and so also nre tho 

TOilsols, pcdogenic processes in c-ich case {>ctng governed by diametricalh- opposite 
forces in which the complexity of vegetation msv ma»k the infltipncvs of climate and 
parent material to a great entent 


Lastly even when the parent ma(cri.at and climate are identical various soli t^*pes 
may he formed duo to the characteristic pedogcnic processes as influenced bv topography 
and drainage This w dearly exemplified by the recent identification of sever.il soil 
types existing within a fairly small area in the canal zones of iho Bombay Deccan. 
On the other band solonetz-lfke soil formation has hi-cn traced in various places einiply 
doe to the natural influcncca of topography m tins tract The far reachuig influences 
of high water tables in modifying fho profile characteristics of soils are already to® 
well ktiotvn and need not be discussed here. 

All theso discussions leave no room for doubt as to the inadequacy of basing an 
nlhlndift survey cither on ctimatotogical or geological foundation nioiie tVe are dealing 
with a very complex ret of oonditiona in India when compared with either of Buasia op 
Central Kurope where climate or geology can serve the need of a soil classification m a. 
strsiglitfonrard manner. Among all these grrat diversities, houevep, uc can st least 
find some unmistakable iilentitv of the e.visl*-iicc of a few Jiroad groups of soils which 
hare made their presence felt bv their clwractcnstic outward mani/eslntjons from tun* 
Immemorial to the tillers of the soil, observant travelJers genloKivta and soil 
demists (”)»(**)• .\UliougIi very little i* known regarding the iiiiut and out proess«es 
which liftve led to their formation tliev arc no less irus than the Tshsrnovomv, chestnut 
earths. Brown earths Yellow or Bed earths and IVvt sods The«e names were known 
befera their genetic relationships were evt.ablished Henee it it higieal to tUrt a co- 
ordinated soil iiirvTV of India on the well-known groups of Imlian soil* on the b.>si« of 
our present know)e<fge. Thete may Iw- hroidly grouped #» under -- 


I. Desert soils yroup 
IT. AlheU s<i»7s ^Toup. 

III. tlloeh eotion »oil» anti Htgvr 

IV. Titi soifi 

V. lUUaic toil! group 

VI. Fortit and Jldt seifi group 

VII. Lalerxitt and Lalerxuc $<nU group 
Vni. ilcaiote tcih group {or ^rOhftrf inrtcr sou’s) 

The alluvial soils have not been pul ond^r n f-parste croup for ihe nbv,.,®, 
reamn that thev come under groups alreodv rienlioned, n:. 1. II \I anU 

VIII. 

A itantlardired genetic syilrm of foil clatsifirai ion iliould Iw adapted sll over India 
on the above croups and an attempt to evaluate the relative infiiKncrs ol the foimwing 
factors on soil formation shoisld be made • (1) Vliniate, (2) crub’gv anti 
( 3 ) minerological composition of the fpcfc. fX) vegetation. (5) toivgraphj . 

7j altitude and {S» ground water laWe Ahoie at, Me Mr 

Uwsifrs in tn(h oj iMtf routa and Aow Mey mn.hfrd by thr ‘"A'""-*/' 
/nc/ors art thr «rm«wy pee-rr^..«rr for a ^ 

tbit* loUt and for c«»iya«ny t\nr poirtian sm n BorW Ay»f<*et ot Sod ChrnfeaU'^ 

If the Kvlc principles of mil surrey a» laid down m this »o'e arc acceptable, thr 
details ef the future programme «n W worked oat a* a matter of course 



231 


Jttftnnn*. 

(1) T^daikoff, kV. kV.— -The Genetic Classiftcation of Soils Jonr. Agric Sci 

(nO. 1909, 80. 

(2) MolUton, J. — A Text Book on Indian Agricnllnre, Vol. I, pp 34 — 38. 

(3) Dlandford, IT. T, — On the physical geography of the Great Indian desert,- 

etc., and on the origin and mode of formation of the eand hills. Jour. 
As. Soc. Beng XLV, pt. 2, pp. 86—103 

(4) Center, IP. — Xote on alkali or reh soils and saline well wafers Bee Geol 

Sarv. Ind. XIII, pp 253-273. 

(5) TTadio, D. A’.— Geology of India London (3fac3Iillan ) 

(6) A’eir&oW. T. I. — On the regnr or black cotton soils of India. Proc. Boy. 

Soc. IV’, pp S3-M 

(7) Gdchritt, IT,— On the origin and formation of the red soils of Southern 

India. Qnart. Jour. Geol. Soc. XL, pp. 552—55. 

(8) Clarlt, JoAn— On the lateritic formation. Mad. Jour. Lit. Soc. VIII, 

pp. 334—346. 

(9) nottand, T. Il.—Qa the constitution, origin and dehydration of laterite. 

Geol. Mag. X, pp 59—69 

(10) OWAam, Jl. D.— Manual of the Geology of India, Calcutta. 

(11) ITflrfto, D. A’., KtiiKnan, M. S. and J/wlAerjee, P. — Introductory note 

on the Geological Foundation of the Soils of India Agnc. and Lire- 
stock in India, Vol V’l, Part 1, 1936, pp. 70—97. 

(12) Filsrfon, B. H . — ^The need and ohiecta of a soil snrrey in the Punjab, 

Agric. Jonr. of IndU. Vol. XIV, Part 1. 1919, p. 281. 

(13) Lander, P. E , Narain, R. and Ld, it- 3/-— Sods of the Punjab, Mem. 

Dep. Agric. Ind Chem. Ser. X, No. 2. • 

(14) Clinio, K. D. — ^The Great Sod Groups of the world and their development 

(English translation by C. F. Marbut, U. S Dept of Agric ). 

(15) Bobinion, G. IT .—Soils, ihelt origio. constitution and classification, Thomas 

Moiby & Co., 1932. 

(16) Crouther, E. i/.— The relationship of clixnalio and geological factors to 

the composition of soil clay and the distnbotion of sod types, Proc. Roy. 
Soc. B. WT, 1-30 (1930). 

(17) Barrieon, TP. E. and Ramotvami Stvan, M. 7?— A contribntion to the 

knowledge of the black cotton soils of India, Pnsa. Mem. Vol. II, 
No. 6, 1912. 

(18) Ltather, J. IT. — ^Tbe composition of Indian Soils Agric. Ledger. Vol. V,. 

No. 2, pp. 81—164 



‘232 


(ii). Broad groups of Bidian soils — a smmaary. 

pR. J. K. BASU, Saii Phyttciit, Sagartane Destarch Scheme, Bombay—Ueccan.) 

In a previous coiwmuiicaUon io this a renew ot soil sarxev work tn Znd<A 

^35 been given and tha present po^Utoa discussed fwllj* liio future Une of xsotfc 
has also been indicated thcttiQ pointing ottt tho inadequacy of either ciimate or 
geology M a satisfactory' basis of soU classification and plea for phinmug a co-ofdi- 
tjf toll sun'Cy all over India on some broad distinctive groups of 
^dian soil lias been put forth These groups ate pro\tstcmaliy fixed up as 1 
Desert sods. It Alkali sods. HI Black Cotton sods and Regor iV Rod sod^ V 
Yellow soils, VI Forest and Hill soils, VII Lotemes and tatentic soils and VIJI 
Meadow or ^ouad water sods Jt is likely that further sub-djiisicns and rnodo 
fieations of tness groupings wdJ haoe to bo made m the light of further researches on 
tho modern lines. Although the a^'altabIo information is meagre yet an sttejupt in 
Rtscuss its client features and a suggeatiou on the probable line of future work wuoU 
not be quit* out of place on this occasion To start vrilh, I ehall take two 
contrasting groups, eo-, Groups I and VIII where pedogenic processes ate diatnetti 
•caliy opposite giving rise to two fundamentallv dilferenl types of soils. 


J Desoit Solid Gaovr 

Desert soils of India occupy a large tract m Eastern Sind extendmg over th» 
whole length of lh« province along the edge of the Indus aHavinm, Rajputana and 
South Punjab, of which the Thar or Rajpulnna desert alone Mcupies ftti arca_ of 
40,0M squar® nuUs. The sands of the desert, according to Blasfoid are mainly 
derived from the old sea coast and their transport into tbo interior of the country is 
(hie ta the south-west wind. 

Analytical figures of some typical soil< from Sind indicate the presence of high 
pcrceotage of water soluble salts, high }>H values, low }o«s on ismiiion figures, high 
residue insoluble itv HCl but vafyt**S percentages of calcium oxnles. Very little can 
he said from these results legarding tho nature of de^erl weathering processes beyond 
the fact that the soils nre nch sn soltdile products of sod vve.rthen»g, poor an or^nic 
matter and that the chemical we.atbenng probably has not ndvanoed very far. 

According to the Russian workers the charaftcn-tiii. ot tlic desert weathering 
airs 

(1) An energetic mechanical disintcgraiiou of the rocks ro<ulling in a Hitf 
grained material, which however, ss Wnvva away by winds, leaving * 
residue of coarse sand. 

j2) The oalts nhich under other climatic conditium disappear from the soil by 
leaching, accumulate m desert.-* and take part iii chemicaf and mw*' 
nical weathering 

(3) The special feature of the morphology ««f the desert sotU is theic character- 
istic crust*. Hence these soils mav be classified as desert soils with fU 
lime crusts, (u) gypsum crusts and (in) brown protective crusts according 
to the nature of the sod forming procMws the first mdicahng shgMv 
mors leached conditjon than the seconu -jt the third 

Analyai* on the profile basis is essential in order to get a clearer idoo regarding 
-tbs true nature of the Indian desert smla on the Usu of depth distribution of 
.salts, combined nilh mechanicnl analysis of the soil piofile and analyii* of the 
weathering comple*- 


VIII -Mi.inGiv OR OnowKo \V*T*n Soiw Gnoce 

Tlie Meadow »q-i!s have been put into • aeparnto rotegory for the obiioii* 
that a fumtamMitaHy different set of soil forraitig JJ«kvs«s are 
these soils by the ne.-»rne8.s of the ground water table They «re characlerwed 
uresenco of i gley hotiron vbicf* la of * reitdtsh browii colour «i the shipe of 
iJl m?ttbnga ofVdrated feme OHde- tlicse soil., .re essentially local «« 
.and depend mainly on topograrhic situations which influenco the 
t^ind water. Tl.ese a« rich m organic maUcr and often show tone* of 
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anil Kjpsum «cctnnHlation in the Icwer lioriion* and hifcher SiO|/AI|0| 
Tfttui* of thp clay complex SclioValakv ha« tcnlatnely tlmded the Indian meadow 
»oila into tno groups (n) non leached in places carbonatic (with Kanlcar), (6) with 
traces nf the nroce«s of podwlisation TTiere soils are required to be worked out 
systematically In chnerent parts of India 

I shall now di*cu«s a little more fully on three soil groups on which a fair 
amount of work on the modern genetic method has been completed. These sre the 
groups II, HI and VI mentioned olready. 

11. Alvau Soils 

Quite a largo amount ct work is available on Indian alkali soils which are known 
under sarious names, n't, Reh , Kalar, Ustr. Chopan. Karl etc, in different parts 
of India, but their morphology and sml forming processes are very little understood 
due to want o! systematic investigations According to Sigmotid three factors ate 
responsible for the formation of alkali sods; namely. (1) The and or semi and 
climate itself, (2) An impervious aubsoil or Iwrd pan, (3) Temporary abundance of 
humidity in the soil, interspersed with dry periods To this we mav add the in- 
fluence of saline luh-soil water-table within easy reach of the sod profile Usually in 
the formation of alkali soils we may distinguish four stages of development : (1) 
Salinization. (2) alkalization. (3) Desalinization and {4) Solotization, of which the 
last phase is rarely met with in Indian sods doe to the calcareous nature of most of 
the alkali sods here 

In the first stage soluble salts mainly of sodium, accumutats in the profile due 
either to impedenee or nearness of s.'ilme suh-soil water Ihe soil type formed is 
usually stmctoreless 

In the second stage, eicess of sodium s.vlts m solution replaces the exchange 
calcium of the soil The excess salts are, however, not removed from the soil 
mass thus greatly preventing the delloccutation of the sodium clay 

In the third atage, excess salts are removed by leaching snd a soil type with lavge 
percentage of exchange sodium without free salts on the surface layer is formed 
which shows defimts laminated structure on the surface and badly dispersed condi* 
tion when wet The first stage is according to Russian nomenclature ‘‘Solonchak” 
and the third stage is called “Selonetz” the intermediate being a transition stage 
where neither characteristics are pronounced 

I had some oopoitunitv of examining some Kalar soils of Sind which approximate 
very closely to the second stage described above 

Tlie profile was characterised by illuvution from the very bepnmng and hence the 
"A" horizon was totally absent The profile may be described as follovrs The 
top horizon Bi, 0 to 7 inches deep is a compact dark grey layer which overlies a 
yellowish, grey hoiizon Bt 10^ inches in thickness Below this there is a transitional 
layer B, , 3 inches deep which is rather hard to scratch This is followed by hard 
pan layer B« , very dark in colour with iron incrustations This B, layer can 
be further sub-divided into two distinct horizons, the upper one 2 inches in thickness 
which is granular in structure and the lower half inches which breaks up into 
clods and is often imbedded with fresh water shells Below this hard pan there is 
a glistening white sand layer B, 1 ft and 11 inches deep, followed Ly a moist 
greyish black horizon Bj which is heavier m texture thanB,. 

The total salt distribution is of the Solonchak type (i e , 1‘25 per cent, on the 
surface which falls off to a low value lower down to 08 per cent, in the 24^" — 36i") 
yet the saluiation with monovalent ions varies from 43 — 22 per cent in the whole 
profile. 

There is slight eluviation of clay in the hard pan layer only. There are 
evicicncea of eluviation of sihca and se^oioxides to a certain extent in the profile 

Several solonetz like soils have been analysed at the Sngarcane Research Station, 
Padegaon, a typical one out of them can be described as under 

A 0 — 24" Uniform greyish black soil with pronounced structure; form 
. very hard cmsl on drying. 

B I 24" — 58" Intermediate zone, black mingled with brown. 

B 1 68" — 84" Uniform reJdish-brown material with zeolites. Exhibits shaly 
structure near the bottom. 

B, 84" — 120". Reddish brown horizon mixed with white materisl. 

B «I20" — 144". Same as above; white material predominating. 
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G horizon. It seems es«cntiAl from theoretical consiifcrations thnt the acid and tin- 
saturated condition of the A horizon should proxail during tho period of tha profile 
development. 

Whether this type of profile development takes place under acid humus condi- 
tions under high temperatures of the plains is a subject which requires careful 
investigation. Assam forest soils on low level are likely to afford considerable 
facilities in this directmn. Under the second condition enumerated above a different 
type of profile results which may he desctihed as follows • — A brown coloured soil 
with a thick A horizon with uniform distribution p{ humus which passes on imper- 
ceptibly into B horizon with .a lower humus content but often enriched by clay. 
There is no characteristic illuviation of either humns or sesqnioxides lower down the 
profile and the silica/sesquioxide ratios of the whole profile is practically constant 
throughout, with a change only in the ’C honvoo The base status of the soil is 
high and the reaction almost neutral and the soil formation usually takes place under 
deciduous forests where Ih" surface soil receives constant supply of mineral ingredients 
from leaf-fall and earth worms. The stroclure of the soil is also well-developed 
crumbs and not singly grained like that of a podsol profile 

Only work on forests soils on the profile basis we haie got is that of, MacKenzie 
Taylor and his associates The soil types described by them are of high altitude 
(5,000 to 7,000 feet above sea level) under coniferous forests where the annual rain- 
fall varies from 40 to 50 inches These soils are mostly of podsol or brown earth 
types Some of these podsols are, however, different from normal pmlsola in the 
sense that the surface horizon is highly base saturated and only verv slightly acidio 
although eluvialion of sesquiovides and humus can he definitely traced Sucli funda- 
mental difference from normal podsol profiles is apparently paradoxical and suggests 
the view-point that the conditions prevalent now seem to have been super-imposed 
in a later period probably due to changes in the forest vegetation and that these 
soils are likely to undergo iransformation into Brown Earths if these pedogenie- 
conditions proceed uninterruptedly for ages 

Forest soils require thorough investigations m the line Dr. Ta.vlor has so lueceM- 
fully pursued and extended over low level and high level forests as well as under 
different conditions of soil ha«e status 

Onoops IV, V, VII 

Lastly the groups Bed soils, yellow soils, laterites and lateritic soils can be con- 
veniently discussed together ns from various outward evidences close relationships 
of these soils are apparent Both Laterites and red soils possess vivid red colour 
although the former shows fundameiHallv different properties from the latter. Late- 
rites are characterised by excess of seMjuioxidee, a vesicular or cellular structure with 
presence of concretions of iron oxide The soil which can be ea«ily cut with a knifo 
In the moist condition, asiomex brick like hardness when dry These soils are usually 
well drained and porous They can W broadly divided into high level and low 
level laterites, the former l>eing usuallv of a pale, gritty, thin and poor in nuiri- 
live substances and the latUr of a finer texture and darker hue" and contain a 
fair amount of hiimiu A vast amount of literature i« available from tropical 
countries like Africa, .lava. Mannlius Cula. etc . from which a fair amount of 
knowledge regarding the morphologv, chemi«try and origin of the«e soils can be had. 
which is likelv to be useful in studying Indian Laterites. According to BobinsoD 
a latent* profile consists of 4 horwoiis' (1) the parent rock inrcre<ied by (2) an hortfon 
in which the material is non Utentir and the immediate product of primary weather- 
ing, (3) the honron of latente proper, which pastes into (4) an Innrnn characterised 
by femipinoui «ncfUstatlons or eoncreticna T»x) theopei are at present in vogue 
regarding the origin of these soils One doe to Campbell whn considers laterites to 
result from changes orhich occur in the ron*B of permanent and intermittent situra 
tion in the x-icinity of a w-ater table The second theory is dn» to Glinka who ••mmei 
that the alkaline character of the soil leaching removes iilic* frim silicate materul 
leaving an honron rich in sesquioxides Whether it i» doe to ♦luMiti-'n of SiO, or 
illuviation of sesquioxides m the surfsce honron it is now generally tccepte<l that 
the principal cliinatic circumstances are high temperature and the altecnati'^ of 
xrri seasons with intense drought, Martin and Porne hare suledivi le>l these soi’s 
into Laterites having FiOt(A)|0, ratios of less than 1 33 and Latentic soils possess- 
ing ratios letween 2-0 to 1 33 
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»< dlslribnlion, it., starling rrith a Io» valar 
cSraliLn Kraiipi% mth depth re.iching its maaiLm con- 

C D ratjon (22 per cent ) in (he B, hoiizou cfter which it falls off with denfh T}i<» 

Via"-!® ^ ^nVlofest in the horizoi, 

wrbonate exhibit zones of accamaiation ia the B, and again in B* 
W,. ^®*'*2on shows sodium saturation to the extent of 15 23 per ceS which u 
Frohahly responsible for the compact nature of this horizon. There is elnvialion 
of clay as well as of silica and iron in the proHle. etaviazioa 


III. BiscK CoiTox Soils ahid Reoce. 


From an examination of a number of profiles under a drier climatic condition 
(i.< , \mU rainfads of 18" — 28" annually) of the Black Cotton soils area of 
the Bombay Deccan it has been possible to distinguish eight distinct soil types. 
Basis of classification has been the morphology of the profiles and characteristics of 
the soil forming processes (In the first stage of soil classification ‘zones of accumula* 
tion of soluble salts’ have been taken to characterise them into two broad groups. In 
the second and third stages the colour profile and eluviation of clay have been used 
for differentiation and in the final stage the e.xchangeablc bases and their distribution 
have been found useful in confirming the morphology of the soil types.} 

These soils come under the Tschernosera soil group due to the fact that they are 
all highly base saturated (mainly with calcium) and normally possess well defined 
granular or crumb structure although some of the soils possess a broivn coJeur hk» 
that of & Chestnut earth. Some of these soils, however, grade toward Solonelz hl(z 
•oil (alkali soil with structure) when the jercentage sodium in the exchange com* 
plex increases consideiably on the surface horizon due to either topographic situa< 
tion or impedence of the underlying parent material. Fundamental difference* are, 
however, (i) low humus contents of these soils, (li) caicnreous nature of the stirfacc 
soils, (lii) ab.*ence of zones of accumulaltoii of Cs COj lo certoin soils doe to 
shallower depths and presence of a zone of accumulation of soluble salts in addition 
to CaCO s in deeper profiles, (iv) influences of a tropical climate is felt in the 
eluviation of clay, SiO » AljO, and 1*0,0, in certain profiles From 
all these pedogenic considerations it would ho safe to class these soils tentatiiely In 
a Separate group altogether snd term them as Immature Tropical Tschemosems, 
immature because the leaching processes have not proceeded as far as in the proper 
Tachernosems and Tropical because of the evidence# of break down of the ailicste 
cotnplev in certain soils 

Until further evidences are forthcoming on the characteristics of the soil forimo? 
processes under definitely higher rainfall conditions it would not be possible to 
generalise on the genetic nature of this very important broad group of Indian soil. 

VI. Forest and Hiu. Soils Group. 


I shall now discuss about the group VI — the Forest and HiB soils These soils 
have been provisionally placed in one group because the soil forming processes m 
these soils are mainly governed by the characteristic decomposition of the orgimw 
matter derived from forest growths It is not necessary that all these soils ehouW 
be on higher altitude as forest growth is possible on low lying areas where the preci- 
pitation IS sufficient to ensure their growth The pn>blei».s under this head are very 
complex ns higher alUlude introduces fondamentaliy different soil climates from the 
forest soils on the plains of India where the temperature may be considerably higher 
Two conditions may, howeier, bo broadly distinguished : (1) ends formed under a^ia 
condition with the presetice of acid hnmu# and low base status, (Z) foiU 
elichtly acidic or ncufral condition with high bas« status. ^ Soils under (1) » 
orobablv under lower temperature conditions us obtains on hills ftnd 
India, podsol type of soil formation is likclj to take place with the followi g 
characteristics ; — . A I 

The formation of a peaty achI layer , followed by a Ld 

a^nleted of humus and ees^uiovidea; this m succession passes into brownish coio 
B 'horizons with characteristic illuviation of eesqnioxides and humus or 
^one Below this we h.ave the parent material which can bo designated as 
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C liorifon. It seems e«»pnt!al from theoretical considerations that the acid and nn- 
Hturetcd condition of the A horiron should preaail during the period of the profile 
dcTelopinent. 

Whether this type of profile dexelopment takes place under acid humus condi- 
tions under high temperatures of (he plains is a subject which requires careful 
investigation _ As'atn forest soils oii low Icrcl are likely to afford considerable 
facilities in this directi"n. Under the second condition enumerated above a different 
tyi>e of profile results which may be described as follows —A brown coloured soil 
with A thick A horizon with uniform distribution pf humus which passes on imper- 
ceptibly into B horizon with a lower humus content but often enriched by clay. 
There is no characteristic illniiaiion of either humus or sesqaioxides lower down the 
profile and the silica /sesquioxide ratios of the whole profile is practically constant 
throughout, with a change only m the ‘C’ horizon The base status of the soil is 
high and the reaction almost neutral and the soil formation ujually takes place under 
deciduous forests where (h» surface soil receives constant supply of mineral ingredients 
from leaf-fall and earth wornis. The structure of the soil is also well-developed 
crumbs and not singly grained like that of a podsol profile 

Only work on forests soils on the profile basis we have got is thit of, MacKenzie 
Taylor and his associates The soil types described bv (hem are of high altitude- 
(5.000 to 7,000 feet above sea level) under coniferous forests where the annual rain- 
fall vanes from 40 to 50 inches Tl'e«o soils are mostly of podsol or brown earth 
types Some of these podsols are, however, different from normal podsoU in the 
sense that the surface horizon is highly bvse saturated and only verv slightly acidic- 
although eluviation of sesquioxides and humus can be definitely traced Such funda- 
mental difference from normal podsol profiles is apparently paradoxical and suggests- 
the view-point that the conditions prevalent now seem to have been super-imposed 
in a later period probably due to changes in the forest vegetation and that these 
loils are likely to undergo Iransformation into Brown Earths if these pedogenic 
conditions proceed uaintenuptedly for ages. 

Forest soils require thorough investigations in the line Dr Tavlor has so success- 
fully pursued and extended over tow level and high level forests as well as under 
different conditions of toil base statns 

Gnocps IV, V, VII 

Lastly the groups Bed soils, yellow sods, laterites aud lateritic soils can be con- 
veniently discussed together as from various outward evidences close relationships 
of these soils are apparent Both Laterites and red sods possess nnd red colour 
although the former shows fundamentally different properties from the latter Late- 
ntes are characterised by excess of sesquioxides, a vehicular or cellular structure with 
presence of concretions of iron oxide The soil which can be easily cut with a kmfo- 
in the moist condition, assumes brick like harduc's when dry These soils are nsually 
well drained and porous They can bo broadly divided into high level and low 
level laterites, the former being usually of a pale, gritty, thin and poor in nutri- 
tive substances and the latter of a finer texture and darker hues and contain a 
fair amount of humus A vast amount of literature is available from tropical 
countries like Africa, -Java, ^fauntius. Cuba, etc, from which a fair amount of 
knowledge regarding the morphology, chemistry and origin of these soils can be had, 
which is likely to be useful in studying Indian Lntentes According to Bobinsoo 
a laterlto profile consists of 4 horizons (1) the parent rock succeeded by (2) an horizon 
in which the material is non lafentic and the immediate product of primary we.vther- 
ing, (3) the honzon of laterite proper, which parses into (4) an horizon characterised 
by ferruginous incrustations or concretions Tvro theories are at present in vogue 
regarding the origin of these soils One due to Campbell who considers laterites to 
result from changes which occur in the zones of permanent and intermittent satura- 
tion in the vicinity of a water table The second theory is due to Glinka who a'sumes 
that the alkaline character of the soil leaching removes silica from silicate material 
leaving an horizon rich in se<quioxides IVhether it is due to eluviation of SiO, or- 
illuviation of sesquioxides in the surface horizon it is now generally accepted that 
the principal climatic circumstances are high temperature and the alternation of 
wet seasons with intense drought. Dbrtin and Doyce have sub-divided these soils 
into Laterites having SiOt/A1,0, ratios of less than 1‘33 and Lateritic soils possess- 
ing ratios between 2 0 to 1'33 
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In OMhani s Geology of India’* tho ted »o»U of India are described thus— "The 
somewhat femiginous soils common on the surface of many Indian rocks and espe- 
cially of the mctamorphic fonaatjons would probably never have attracted much 
Attention but for tlic contrast they present in appearance to the black soil. The 
commonest form of led soils i® a sandy day, coloured by iron peroxide and either 
derived from the rock m situ or from the same pioducts of decomposition washed to 
A lower elevation by ram The term i», however, used in a very vague sense, 

apparently to distinguish such soils as are not black, and hence many alluvial soils 
may be included under the general tcim** Analytical figures of some red soils of 
Madras indicate that Ih© amount of lime small, tha magnesia is not high and the 
phosphoric acid umfoimly low FojO* and AljO, aie also fairly low and are 

comparable with the black soils It has been sltown in Madras, however, that under 
identical climatic and geological conditions both black and red soils ore found to 
occur although theSiOj/AljO,r®tioof the latver u decidedly lower than that of the 
former. It has been suggested therefore that this may be due to the differences in 
the mmerological composition M the paient material These red soils are usually 
found under dry steppe type of xcgetation Red soils have also been found under 
forest vegetation which probably differ to a certain extent from the red soils of 
l^fadrai just described I have come across vast stretches of such soils in the North 
Kanara under deciduoua forests where the surface honion seems to bo of a darker 
red colour which passes on to a lighter red ccloai^d honron probably low in humus, 
effervescence with dll acid often taking place on the suitace hoiiron. Tliat m 
the foitaation of these soils high temperatures in sumiarr coupled with heavy men* 
soon showers take an important role, can be easily inferred but what pact the orpnic 
matter playa m the soil formation cannot be gauged without complete analysis of 
soma typical profilea of this area That they are clovely related to laterites and 
yellow soils can bo scon fiom rheir orcorrencr in cb «o pjovimlty ia the some areiV 
An nliMosfc laterite like profile was examined by me near about Siddapur Ja_^ North 
Kanora which showed n red soil with vesicular structure possessing concretions of 
iron oxide which paasev into a vellow, loose and friable layer overlying parent material 
«f eneiasic rock Side by vide, yellow and led soils can be also seen on some 
natcl’cs of forest soils recently cleared up Very little is at present known about 
these yellow soils The yellow colour is probably due to & higher degree of hydra- 
tion of the ferric otide in these soils than in the red soda It seems almost like 
a transition group between the red soils and the brown forest soils from the point or 
view of structure That the forest shade plays an important part in the way 
<j{ lesser evaporation and lower teroperature it is not difficult to guess from their 
situations Investipations on these soils arc likely to shed considerable light on the 
intergenelic relationdiips of scrnie of these broad groups of Indian aoils. 

In conclu«ion I vvould suggest that a co-ordinated re«ean li mav be undertaken on 
the different soil groups that J have outlined above under the guidance of a central 
body like Soil Bureau mih the help of sod workers m different puiMuces of India. 
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APPENDIX IV, B. 

Soil surveys as an Important Item ol soil research work. 

(PU V. r. USNPnn, l as, r.'-r^fnfnei.f, runj^h. /.y-r/Jpvr > 

T>1« irntvirtano* <if tjn •tal'tnatic *«-il rnrtrft •n ifnporUnV fu'-t'ir 

in irt kJi'itm* nf *i7nti’lnr»l l« fuUr »ti^ ha» 

*i »ertn« Irnsth tn tS* f.Mt rf til" rrv'T'* •ntJ Soil Winj of Ih# 

flrnril of AcTif •O'J Anirrtl IlMsSaiKlrj" in In'Iu, held it Pelhi in 30SS 
\VJuit i> now i» lJi»I el»fntl» »h»i-o !•* ci»fn »nrs'‘*'ion« m»il» And 

lontjlnp c<nfJu»ion fcUrodr untr-l •! r-»vlt !‘rnTit>'». krvpitis in ti»w it* parti 
rnlar »oil rondilton ♦SohM' 1»V» »n Sat .1 •ratomattc anil •v'onlinatri! *oil lurrf^T* 
h^pnnitis with a ♦tnall aioa a* • nurUti* In Ihi* hriff not^ 1 wontd likf a?am 
to rtm** th» tilililT nf D.n wotk, taking onttam »*pofti of Ihn PunjaL aoil* •« 
l1la*trat)Tis t}i» Oon.’lition* wh»r«* fv»till» olilamod from an intottujation of tin* tjpo 
ran bo CK-fnllr OfTplorod 

Ono of iho major aoil } mMem* with wbieh ihi* proTtnon ii confrontril at prtaonl, • 
and pno which U IiWIt to tn'To aruto in futnrp i« thit of "Kalar”, Thcr** 

t* »liU *oiri» At\»rc*Tir» <it ppititon anvonj ' rtjrort* , a* to Vhr prmro fartora which 
pporata in ll* lone run tn pTmloo** "Kalar". and a» to Ihn irnmnliato prc<Ii«po«ine 
canto* 

If wr pn bark in hi'torr to ll r time- when tho Canal trtirm wai •lartrd in tho 
Ill' prohlem* of KaUr and Water Injcmg did iml rii»t, certainly not to 
an extent remoteli appmachinc tiai aern todaV 

At the time that the Canal* were I iiilt «h« prollein of dram*:e wa* oterlooked 
VThen new land* were ttken under tmsilion m* on* Udhereil to r*tr> out chemical 
»oil eurrey* rf theie lAnt'»“tlie\ were ,:ort<l fertile Lind* for the major part, and that 
wi* lalTicient To daj m*n\ of tlie»e land* ha»e deteriorated an*! cone out of culti* 
ration It i« htchlj probable that if (Joaeniment in ihe earlt <ii>» had l«*en aaked 
to proM'le at. efrictciil ehcmieal *tafl to rarr* out »ur\r\» am! continue them, it 
tronlJ hare Jemnrred asainrt an anpirentlj «nnere«»3n eipeniliiure It is eqnnllv 
p.»iilde that if an .tirtirtiUiiral t h«mi*t in tho«* da'* h*'l oeetipied him*etf with 
roil in'e*lisitien« of the rMnre unde consideration now. he mijht have lieen rcenrded 
a* rot juitifjics lit* exirtenee a* hi* work could not l-e iliown to be hnnpins any 
increaie in wealth *o the z..mindar Tin* at first sipht i* po*.|hly true 

It I* ec|aa11.v po<si1i1e bow<\er if an eripnisalion liad existed from the first to 
sunej and keep record* anil a rheck on ehanS"* vrlmb "ere occurnne in the «oiU of 
this pro'ince, then while no s^taciilar diseo'er* michl hv'e liern ilisco'ered which 
svould bnnf* wealth moie rapidly to the ramindar *cl a ma** of mfotrnation would 
have lieen accumulated al>out our eoils which if pioperli i.xken heed of mipht h.n\e 
eased the province preot lo** from soil deterior.iticm The position in regard to 

Kalar and W'ater logging as it exi«t* in Ibe Punjab to di\ i* the result of what ha* 

been done, or left undone m the px«l If •istematie work had lieen done on soil 

aurveya in reaca gone by, & check might hxNc twen kept on the proec** of dctenoxntion 

of many soils which have toilsy gone out of cultivation and possibly much loss might 
have been averted 

There are lo-day large arena of good soil* producing cacellent crops, which can 
hardly ^ increased, even by the application of artificial manures There is evidence 
available, hewever, that this happy condition may not always hold good, and that in 
6, 10. 20, 30, 40 years time, or some date in the future, much of this land will have 
deteriorated or even gone out of cultivation altogether 

I have submitted recently some suggestions as to the directions in which we might 
turn our attention m soil work I made a tentative suggestion that the Agrienltnral 
Department shoold systematically survey, with such staff as is available, certain 
definite areas 

It U gratifying to note that my cnggestion has been accepted by the Punj'ab 
Government and sanction has be»n accorded for beginning systematic soil surveys on 
a small scale. We have decided Ui make a start with the Lyallpur District, making 
the Dyallpur AgricnHural Station as centre from which our soil surveys of the district 
would ndiate m all directions The reasons for selecting Lyallpur are that this i* 
one of the richest and mo*t fertile areas of the province, and that it is an area where 
the water table is rising year by year, and that there are possibilities that unless 
proper measures are taken at the proper tune in the future, much of the soil of the 
Lyallpur area will have deteriorated. 
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Monoliths of typical Indian soils. 

(PR B. K. MUKI’IJJI, J^iiruffurn/ OAemift to Ooctrnmfnt, Unilfd l'roi'inet$.) 

In tlio first mating of th« Crops Jind Soils Wing of Hip Honul of Agrlcitlliiro ind 
.Anirnnl Ifiisbantlry iti Indin, hpjii in February 1035, It was Biipgcstcil Hint nn nil* 
India soil survey based on AgricnUtiral nmli wai desirnlile find >\otil<l bo pf eon* 
sidernblp VJiliie. Acrorduiply, a piellminnry survey of flio more reprcsefil.illMi soils 
■of tlio Pnited Piotince'* Itns recptirty liern ta},pii nji. This iiie.bides tbc jiro- 
parntiou of soil innnolitliH liom tbreo difleretil soRs. 

TJio moiiolitlns wliieli ha\o been taken in each case to a depth pf six fret of 
the profile, form nn inteiesting study regarding the formation nnd rmnposilion of 
tho surface nnd stib-snils Tho hortroiia m tho ca«p of tho mar soil profile nro 
not very sharply defined, although a thick layer of lanXnr occurs at a depth of 
about feel. The division of the prorde into different horifons is well marked 

in tho other two cnees 

Such monoliths are likely to pro\e evlremely xaluahle for studying tho enmposi* 
dion of tho soil nt different deiilns of tho )irotde. In these tho nnliirnl soil forma- 
tion is truly lepiceonted nnd iWy ran be Tnaintaiped permanently for referenee in 
the future. It is, therefore, suggested that moHoIithii of tho more inijiorliint soil 
•types bo prepared In all Die Proxniices so ns to bo avnilaldo to different soil norlori 
in India. 
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number of varieties is nccessiry to suit the very varied conditions obtaining even in 
parts of the same province The list of improved varieties, evolved mostly by single 
plant selection, in different parts of India u Ihereforo a lengthy one including such 
vrcll known strains as G E. B 24 in Madras, Indrasatl in B'^ngal, Dahia in Bihai', 
the KoUmba strains in Bombay, etc 

Intensive work is still in progress, and hybridisation is being increasingly 
resorted to. Well known American varieties such as Blue Rose have been used 
in crosses in Bencal. Butma, etc., to improvo the quality of the grain. An inter* 
«etinc problem which has been taken up in the United Provinces has been the 
breeding of a variety resistant to the ravages of the nee flj {Ltfilocorita lariconij}}, 
by crossing high quality and heavy-violding rice varieties with the coarse, early- 
ripening "Salhi" rices, and thereby associating the desirable qualities of the former 
with the protective sheath of the latter By similar methods, an efiort has been 
made in the Central Provinces to eradicate the ubiquitous wild rioe [larga) 
The problem of the wild rice is that it cannot be distinguished from most of the 
commercial varieties, in the earlier stages of the crop In order to discriminate 

the commercial varieties from the wild rice, the former are being “coloured” by 
hybridisation with a coloured variety. 

Cotton — As a cotton producing country India ranks second in importance only 
to the United States of America In many of the Indian Provinces and States 
«otton occupies by far the most important place among the money crops It is noi 
surprising therefore that the improvement of this crop has received a prominent 
place in the programmes of plants breeders The earliest work on the system- 
atic improvement of this crop m India was that of Gammie who was Economic 
Botanist to the Government of Bombay and later held the post (now abolished) of 
Imperial Cotton Specialist Fyson m hbdras aqd Liake in the United Provinces 
started selection and hvbridiraiion work as early as 19(M end imprevemeDt work 
on cotton through breeding has progressed steadily m most of the cotton growing 
Provinces and States throughout India A definite advance in this direction was 
made in 1921 when the Indian Central Cotton Committee was constituted as an 
advisory body and later incorporated under the Indian Cotton Cess Act of 1923 and 
provided with funds of its own The Ccmroittee has carried out extensive work 
on the improvement and development of cotton growing, marketing, and the maan. 
facture of cotton in India The establishment, id 1924, of the Institute of Plant 
Industry, at Indore, for fundamental research on cotton, and of the Technological 
Laboratory at Matunga, has greotly facilitated the work of cotton breeders 

The practice of imfHjrting inferior cotton for purposes of adulteration into areas 
growing superior cotton was once so rampant that the premia previously obtained 
for the cotton of certain tracts slowly disappeared The Cotton Transport Act 
was accordingly passed by the Government of India to check this evil • the main 
object of this Act is to create and maintain inlands of superior types of cotton in 
tracts where soil and climate arc favourable for the production of such types bv 
preventing the importation of inferior cotton into ^uih areas The question of the 
types of rotten to be grown in such islands is therefore of great importance 

The cultivated Asiatic cottons in India facoordiug to Hutchinson and Ghose, 
1937) belong to the species (Jottyptum arhorttim L (vars rypicum, ntqltctvm and 
cerMiwni) and G htrbattMm L (vars typitum, frutetetnt and afneanwn) and the 
introduced American cotton belong chiefly to the species G hirsvtum This Ameri- 
can species has been suecessfuily cultivated in the Punjab, Sind and Madras The 
outstanding strains of this cotton are the Punjab American 4F, 43F, 289F, Smd 
American (Sind Sudhar) 289 F. Sind Auierican N T and Cambodia of Madras. The 
outstanding Asiatic cotton varieties are Smd rfesi and Sind X R in Sind, Punjab 
tdcsi) molbsoni cotton with a variable mixture of ladieum, tifghetum and sanyvinetm 
in the Punjab, Jayawant. Gadag No 1, Banilla, B D 8, 1027 Ai. L F., Kumpta an3 
Uharwar 1 m the Bombay Cotton area; Verum Z&2, Late Verumj Verum 434, Verum 
^33 and Bani in the Central Provinces and Berar, Malvi 1 and Malvi 9 in Central 
India; Mungari, Jowari, ITapari 1 (IT— 1). Nandyal— 14 and the Cocanadas in Mad- 
ras, Aligarh A 19 and 0 520 in the United Provinces, and ComilJ.a in Bengal. 

Suyareane.— There are two great sugarcane tracts in India ; a northern sub 
tropical tract represented by the Gangetic Plain and s southern tropical region, f e , 
the Peninsula The latter is suitable for growing thick canes but in the former were 
found only the thin, hardly, fibrous, indigenous varieties, generally not suitable for 
sugar production. The bulk of the sugarcane tract however, lies *in the sub tropics 
and the development of the sugar industry in India depended on the improvemeM 
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APPENDIX V. A. 

Notes on Subject IV (A review of plant breeding in India witli 
suggestions for the future). 

(NOTE BY BH B. P PAL, Impotal Economic Botanist, Imperial .li gricultural 
Btitarch, Institute, New Delhi.) 

PtST BISTORT Of PUNT BBEEDINO IN InDU. 

Plant breeding is a branLlt of agricoltaral edence which has been up to now per- 
haps more art than science It is however steadily raising itself on a scientific- 
basis by the help of discoveries in genetics and cognate sciences. Tbe past history 
of plant breeding throughout tho world discloses a story of absorbing interest. In 
the present note bovcver we are concerned only with its past history m India. 

The beginnings of plant breeding in India are shrouded in obscurity While m 
India, as elsewhere in the world, a ceilain amount of progress was m-iUe by select- 
ing outstanding plants in the field for seed purposes, and by other simple means, 
it IS unlikely that any substanti.)} progress took place until after the re-discoiery 
of SlendeJ's laws of inheriunce in 1900 when in the words of Hunter and Leake 
(1933), "For the fiist time the plant breeder was offered an opportunity of producing 
new plants better suited to the many and very varied requirements of agriculture and 
commerce in an orderly manner '* / 

The foundations of modern plant breeding in India were laid by such pioneers 
as the Howards, B,Trber, Le.ike G.ammit*, etc .\ bnef summ-iry of the work done in 
the case of a few of the moie impoitini crops is given in the following pages. 

Wheat — The imrroved v.Trieties of wheat produced in India are now famous 
throughout the woiid Not only aie they bellei yielder? than the older varieties, 
but many of them also are of evcelletil grain quality The fouad.ation8 of the wheat 
breeding work of the Imperial Agncnltmal Research Inititiite were well laid by the 
Howards who, a lece.it levievi of «he»t bieediiig by the United States Department 
of Agriculture (1936) st.ntes. "heve long been prominent among India’s wheat 
breeders, and indeed among the wheat hicedets of the wcrld" Pusa 4 and Pu»a 
12, selected by the Howards, mav be «aid to be hou<ehold words m large tracts in 
India; Pusa 52, Pusa 80-5. and Rn*.-! JOl produced by liybridisation have also proved ^ 
very successful Among the mors icccnl varieties issued by the Agricultural Re- 
search Institute, Pos.a III. a mutant fiom Pusa 4. ha* been outstanding for its gram 
quality, Pusa 114 selected fiom a natural cross in Feder.ition has been popular in 
the Barrat-e area in Sind on .ac'rmnt of Us roU -resistance, Puaa 120 is highly rust* 
resist.ant. particularly to yellow rti't. and Pus.a 165 is a good, all round aarly wheat 
Tho two hast mentioned aarietie.s Kavo been derived from crosses between the Austra- 
lian variety. Federation, and Pii«a 52 and Pusa 4, respectively 

Notable successc.s have also beni achieved in the wheat growing provineev 
Tho Punj.ab v.ariety, 8A. h.as been popular in the Punjab and is now grovm on air 
area of about 2^ million acres Mo’-e recently several strains of hybrid origin, eg, 

C. 518. C. 591, etc. have been produced which are superior to and are likely to re- 
place 8.V. In the United Provinces the variety, Cawnpore 13, selected by the 
United Provinces Depirtment of Agriculture is. reported to be doing well. 

In Peninsular India, the position is lather different to that in Northern India, 
and durum, turgidum jud eromer wheats are more extensively grown. In the Born- 
bav Presidency severol promising strains have been bred and are now under distri- 
bution to cultivators In the Cenlial Provinces .alio improv'ed varieties Inve hem 
bred. 

In Sind in addition to Pu«a 114 and Punjab 8-A, the selections C Ph 47, T. 

38 and II. S AT 111 m-ide by the loesl dep.srtmeTit if agriculture are reported In he 
popular. 

nice. Bico occupies the largest area under .any one erep in India and it* im- 

porlant pl.ice in Tiidi.sn agrictilture is reflected in tho very /^nsidrrable ntlention 
which has been paid to its improvement in all parts of Todi.a. Tho re«ea.-ch on 
rice is to .a l.vrgc extent financ-d ly the InipermJ Council of AgriciiJlnml Ib-'i-wfl' 
Owing to tho ertreme ecologic specialization of the rieo plant, a variety which de«-* 
well in one district may not *»rre»*d in tli.- adjoining district ; for fhi« reason a larg*' 
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Humber of varieties is necessary to suit the very Varied conditions obtaining even in 
parts of the same province The list of improved varieties, evolved mostly by sioglo 
plant selection, in different parts of India u therefore a lengthy one including such 
well known strains as G. E. B. 24 in Madras, Indrasail in B‘-ngal, Bahia m Bihar, 
the Kolamba strains m Bombay, etc. 

Intensive work is still m pr^ress, and hybridisation is being increasingly 
resorted to. TTell-known American varieties such as Blue Rose have been used 
in crosses in Bengal, Buima, etc , to improve Ibo quality of the grain. An inter- 
anting problem which has been taken up m the United Provinces has been the 
breeding of a variety resistant to the ravages of the rice ffy {Ltpioeort$a mrifornu), 
by crossing high-quality and heavy-yieidiog nee varieties with the coarse, early- 
ripening ‘’Sathi” rices, ’and thereby associating the desirable qualities of the former 
with the protective sheath of the latter By limilar methods, an effort has been 
inade in th« Central Province* to eradwnte the ubiquitout wild tioe (tarsal 
The problem of the wild rice is that it cannot be distinguished from most of the 
commercial varieties, m the earlier stages of the crop In order to discriminate 

the commercial varieties from the wild nee, the former are being "coloured” by 
hybridisation with s coloured variety. 

Cotton —Aa a cotton producing conntry India ranks second in importance only 
to the United States of America In many of the Indian Provinces and Stales 
Cotton occopies hr far the most important place among the money crops It is not 
surprising therefore that the improvement of this crop has received a prominent 
place in the programmes of plants breeders The earliest work on the lyitem- 
atie improvement of this crop in India was that of Qammie who was Economic 
Botanist to the Government of Bombay and later held the post (now abolished) of 
Imperial Gotton Specialist Fyson in Madras and Liaka in the United Provineea 
started selection and hvbridtralion work at early as 1904 and improvement work 
On cotton through breeding has progressed steadily in most of the cotton growing 
Provineea and State* throughout India A deftnita advance in this direction wan 
made in 1921 , when the Indian Central Cotton Committee was eonstitoted as an 
advisory bodv and I.vter incorporated under the Indian Cotton Ceu Act of 1933 and 
provided with funds of its own The Committee hat earned out exlentiva work 
on the improvement and development of cotton growing, marketing, and the mann. 
faeture of cotton in India The establishment, lo 1924 , of the Institute of Plant 
Industry, at Indore, for fundamental losesrch on cotton, and of the Technological 
lii1>or*torv at Matiinga. his grrotly fscihtaled the work of rotlon breeders 

The practice of imi-orting infenor eelton for rurpo«es of adulteration into areas 
growing superior eotton wn once *o rvmpint that the nremu previously obUlned 
for the cotton of certain trafte alowlv disappeared The Cotton Traniport Act 
w«* accordingly pissed by the Government of India lo cheek thu e»il the miin 
oln'cct of this Act Is to vrevtc and mvinlain i«Nndv of superior types of cotton in 
tracts where soil and climite are fsvouniMe foe the prcluction nf surh types I'V 
preventing the importation of infermr eniton into «uih arevi The qo^slion of the 
types of cetten to be grown in such islands is therefore of great imporlvneo 

The cultnated Asiatic cottons m India (aceonhng to Hutchinson and Chose 
1937) belong to the species l7os»vp>«»n arlntfvrt E (vjr* ry/>tcvm, *nd 

cfTiivun'l and O Jierlxiccutn L (vare fvpvcwm fr«lrief«t and Bfnranvtnl and 1^* 
Intnxhiced -4mencan rollon l,elong cbieflT to the species G Ainafvm Thi* .Im. n 
can specie* bat been sucressfnllv cullivsied in the Punjab Piml and Madras The 
ootiUnding strains of this cotton are the Punjab .4nenean 4F, 45F. ZTIT, Find 
Amenesn (Find Fudharl CS9 F Find Aioenraa N T and Caml-v.!,* of Madras The 
wutstandinc Asiatic cotton vsrielie* are Find drsi *ed F.nJ .V R. m Find. Ponjab 
frfesil moll,«onj cotton with a variable miiture of satfiev<i, r*tU'tvr% aad ernyviarvm 
in the Punjab. Jsyawarl. Cpadag Xo I. lUniUa. B D 8. JCC7 A. E I* . Koi-ipta and 
Bharwar 1 in the BomMv cotton are* ; Verom iy.3. I^ts Veron • Verutn 434, Venra 
43*1 and Bam m the rentral rrownres and Berar, MaM I ani Main 9 in fV'lral 
India; Munran. Jowan. Hagan 1 lH— I). Xardyal— H and the rorana-laa is Mad- 
ras. Aligarh A 19 and C iSO in the Umled Provin-es, aad CcsriHa is P^r-raJ. 

.Cwj(r*ee*r —There are two great sugarrans trarl# in Ird.a : a tr-rtt'-rn ro'- 
tropii-al tract represented br the Ga-getic pla-a and « ae>sthefa troyii-al T^sx-y^, »*» 
the Prnintula Tli» latter i* saitalle for rruwia- Ihi-k raoet let is tf.e 
found onlr ths tVin hardlr, flnm*, tsdigrooua vanelw*, poneral’r n-d ie'*all» f-r 
sugar production The I'oU cf the sngarcars trace fcrwrvfr. hea is the subtroe'ra 
and the devrloiMrect cf the segar isdsttrw ta lof.! drjwtsjej pg it'-ruT^^ 
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of the North Indian cants. \\'lial tta* wjnirrd was » type of cane adapted to the 
short season of the su^rar tract, «ilh a sucrcsc wnlent and adequate yield. 

As howen-er the #up.ircano tloea not flower /reefv jn the North, a station for the im* 
prorement of canes %v3* ostahli'shed at Coi'mhatore in 1912-13 Trciiomly some work 
on sugarcane had been done, 'notably at Man/eri at Bombay and Samalkota in Jtladras 
bnt substantial wort commenettl with' the establishment of the Coimb.itnro 51.^1100 
The work of the Coimbatore Station is intemalion.slly known and countries outside 
India have been able to derive benefit from the breeding work done there, 

Tho work of breeding ennej suitable for the varied conditions of soil and climate 
obtaining in aanous parts of India has insohcd the collection and ncclimatiavtion 
of as many species and swrieties «s poKible, the study of Ihcir flowering habits with 
the object of inducing as many of them as possible to flower, the raising of large 
numbers of leedlinga and the selection from the latter of clones characteri«f<l br 
Jdgh porcenlaw of lucro.M; in the juice, gre-vt iigour and good habit. For North 
Indian conditions where thick cancs do not thrnc, crosses had to be made }>etwecn 
the hardy thin caries and thick tropical canes This presented many diffieullies 
because ef the difllculty of esmacuhation, sterility of certain varieties,’ etc. These 
were however overcome and from tho crosses have liceri dfrive<l many of the now 
famous Coimbatore aarielies 

Even in tho c.arly days of the work, crossing with tlie wild S. tpontan'urn was 
done in order to introduce into the noble c.ane*, tho greater vigour and bsrdineit 
of tho former. This resulted in the production of several useful strain*. Inter- 
varietal, interspecific .and even intcfgenenc hybridization has jdajed a prominent 
part in the production of new varieties at the Station. 

The intergeneric crosses with sorghum held out the fascinating prtwpect of pro- 
ducing early maturing types with a high rucrose rontrnt lot so far this hope has 
not yet been re.vliied This has lioweser not deterred further attempts at Inter- 
specific and intergeneric hybridisation at it is belieied Ih-nt success in sugarcane 
breeding dependi largely on tho extent of variation which can be secured In the 
leedllngj raHcd. Hybridisation studies nowr include S oeunifinflceuffi, S. Iloitiilvn, 
SorykutTit /m/yrrt.'<j, f^nantAuf, tic. Very reerntly n cro«s between sugarcane and 
a bamboo (/lumiusa aruniimacea) has t^n siicrei«fully made. 

The Tarietiei of sugarcane are highly heferorygou# anil latterly Inbreeding ai 
a method of prodiiring new destrable type* has been tried with surcei* Feteral 
canes, t.ff,, iAQ, 3dl, 3!>5. 357, 517-JO, have l>een produced liy this means 

Over the gre.Her portion of the sugarcane are.s m India the term 'improred 
canes* has liecomr s.vnonymous with Coimbatore r.snn 

Among th" many canes distributed may In* mentioned Co 313, 341. AW "13. 
244 and Sn in the Cmied I’rosincTs, Co 2J5. 313. 531. 299 in Jhhar. fo 2rv^ 2.W. 
213. 2W, 231 and 3>j in the Ponjab. Co 213. ^13. 231 m Sradm* to 213 m Bki;*! 
The newer canes often inrlaJo s«*m» •iipenor to the ones ili.sl lad j'recrded them 
Tlius Co. CDS hat l-een replaced by Co 235 and Co 235 in its^ turn i* lemc 
supplanted liv other canes which hasw pn>»e<l superior to it The "uoi»er*»* 
cane Co 213 )i losing ground sgamet newer eanea such ai To 220, 312. 313 and 421 
Iteo-rllr it has l>ern shown ilut mgarrane can fre induce*! to flower an! »'t 
seeds in e’ertsin tracts In Northern India and breeding work is now carried on tile 
by side with the te*ti;>g work, at « few stations 
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In the United Provinces a *jslemalic stody of the crop has been completed 
and strains possessing rust-resistance have evolved. Work on combining rwt 
resistance with other desirable characters is in progress and tests have shown that 
some of the crossbred strains aie better and more disease-resistant than the best 
local selections. Strain Nu 1150 is an ontstanding. one. 

In the Central Provinces, the selection E B. 3 is the best for Berar, Nagpur 
and Chhattisgarh divisions This strain lu addition to producing a bold seed, has 
a wcll-dcNclopcd and deep-reated root-system, so that it withstands drought, while 
its early maturity enables it to escape mst. Crosses have been made between the 
local linseeds and rust and wilt resist mt imported flaxes 

In Bihar the selection, Sahour Type 6, is wilt-resistant. Experiments are in 
progress to unite this character with the high yield of the Pusa strains Some of 
the locally selected types, in Bengal, have been found to he more suitable than the 
Pusa strains which are not early enough to euit Bengal conditions. In the Punjab, 
57 pure lines have been isolated Work on linseed breeding was commenced com- 
paratively recently in the Bombay Presidency. The local varieties were reported 
to be superior to the types from other Provinces. The latter however will be em- 
ployed in ibreeding for introducing light seed colour into the former 

Tobacco — This is on important money crop in many parts of India. Increasing 
attention has been paid to the production of tobacco suitable for cigarette manu- 
facture As the indigenous varieties were found to be unsuitable for high grade 
cigarette manufacture, foreign varieties were mlrodnced and acclimatized. Among 
the most important of thtso are Harrison’s Special and Adcock At Puss two 
strains (H. 142 and H. 177), suitable for high grade cigarette manufacture have 
been produced by hybridiauig the Indian vanety, Pusa Type 23, with Adcock. 
Among other important varieties bred in India may be mentioned : 

At Pusa ■ Type 28 {chewing tobacco) 

itustica No 16 (Hookah tobacco) 

Bombay. Gandiu No 6, Piliu No 28. 

Punjab 1 No 12 (hookah). No 57 (cigarette). 

Bengal : Bengi 

Motihaii (hookah) 

OfAer Crops —Breeding work with a large number of other crops h*is also 
been done including barley, oats, maize, millets, pulses, groundnut, sesamum, jute, 
hibiscus, sunn hemp, mtatoes, etc , but it u not possible to refer to this in lueb 
a brief summary. Enough examples have however been pien to show that the 
plant breeders in India have not been idle and that many valuable strains of crops 
have resulted from their labours 


Thi rntscNT rosmoH, *j»d 8Vcot.vTto.ss roR me rvrvRE 


As hat been described in the preceding section, there has been coniideralle 
progress in plant breeding, and introduction and acclimatiution of varieties, mass 
selection, single plant selection and hyhndi/ation have all been employed with vary- 
ing degrees of success At the present time ail phases of plant breeding may be 
said to have been intensified This is in no small measure due to the activilies of 
(he Imperul Council of Agricultural Besearch which haa provided the fundi for the 
organization and curving out of achemee on • large numl<er of problems relating 
to agricultural rrvearen There is evidence that the Indun plant breeders are keep 
ing in touch with modrm developments and the methods in use in the most progres 
live eountiiev abroad are being also adopted in this country The use of Xrays 
to induce mutations has been employed, lor example, at Coimbatore trice) and in 
Mysore (sugarcane) The use of distant or wide cTOS.«ei has already been illoitratet] 
vn the account o! the sugarcane bteediog work It, is not so long ago that the belief 
existed that wide crosses were of academic interest cniy and not hkely to vield re- 
sults of economic value Becently, however, improvrmenia in the technique ef 
hylndization together with the disrovrry that doubling of the ehromo*o-ne romple- 
mrnt may render sterile hyl-rids fertile, has stimulated intereit la snrh rrcwsei In 
the U S S n great things are expeHed from the crosses between wheat and species 
of the perennial grass, t^fopvrafn Ii »a too earW at this stare U, atlemrt to predict 
the economic value of the lambno sogarrane cross arhieved at Ih# Caoelreeding 
station at Cciml>atore but it holds oat interesting pouibiUties 


*rhe process of vernalization afoot which so much 
applied to Indian crops at Pusa ari elsewhere. Th 
however, have been rather disappousltng 


it heard eow a-<!ara has leea 
e molts cltaired that far. 
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Breeding for disease resistance, now recognised to be one of the most fruitful 
lines of research, is increasingly appearing in the programmes of Indian plant breeders. 
One of the ibest known examples of this is the scheme for breeding rust-resistant 
wheats which was commenced about two years ago and has for its object the pro- 
duction of strains combining high rust resistance to the three rusts occurring in India 
with other commercially desirable qualities. 

When so much work is being done at a large number of centres there is the danger 
of undesirable over-lapping and duplication of work. It is m this conuectiou that 
one may venture to mako a few suggestions regardmg future policy. Experience 
has shown that crops may be broadly divided into two groups : those with very 
limited adaptability, t,g., rico and those with very considerable adaptability, e.g., 
wheat. There is of course no hard and fast line between them Rice varieties are 
often of such limited adaptability that a variety which Nourishes in one district 
may pio%e to be a failure in an adjacent district. In the case of wheat, however, 
we have varieties such as Pusa 4 which can be successfully grown in many different 
parts of India and is even cultivated in countries abioad It would probably be 
desirable in the case of crops like wheat to restrict the breeding work to two or three 
mam stations. The varieties produced at these main stations could then be tested 
at a number of testing out centres distributed over the most important areas where 
that crop is grown. Such restriction of breeding stations would uot only result in 
greater economy but it would enable breeding to be done for large tracts and thereby 
ensure the greater uniformity of product which is so important from the marketing 
point of view. ' 

Problems ' such as vernalisation and some of the more difficult problems of pro- 
ducing disoase-resistant varieties are also probably best handled at one or two central 
research stations where extensive collections of crops can be maintained and where 
necessary librarv' and labori^tory facilities can be pro^'lded on the scale necessary 
for the highest standard of work The central station should also carry out research 
into the methods of increasing genetic variabdity by means of X-rays, exposure to 
heat, cold, etc., «-ytology of crop-plants, etc. 

The impoitancc of maintaining crop collections has been recognised and the 
subject was considered last year and again, early this year, by committees of the 
Imperial Council of Agricultural Research Fairly large collections of indigenous 
crop varieties are already maintained by the Imperial Agricultural Research Insti- 
tute and by some of the Provincial centres of agricultural research The queetion 
uf registration of vaneties (such as has been approved by the Wheat Committee in 
the case of wheat) is also one of importance and one which requires attention. 

The first meeting of the Crops and Soils Wing of the Board of Agriculture end 
Animal Husbandry in India which was held in 1955 discussed the question of establish- 
ing a Bureau of Plant Introduction in a predominantly agricultural country such as 
India. Such a central Bureau would undoubtedly be of immense value for the pur- 
pose of introducing and testing, in co-operation with the Provinces and States, new 
crop plants and varieties from other conntnes The Board approved of the idea 
of establishing a Bureau the functions of which would bo (a) to facilitate the con- 
trolled imports of new epecies and varieties of crop plants and other plants of econo- 
mic importance; (6) to assist explorations as and when required in India and other 
countries; and (c) to investigate methods of eecnring control of plant introduction. 

The Imperial Council of Agricultural Research was invited to formulate a scheme 
giving effect to these nroposala Thi# scheme will be awaited with much intereet 
by breeders and geneticists 
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APPENDIX V, B. 

{NOTE BY RAO SARlB K. I. THADANI, Director of AgrkvUurt, Stnd.) 

Inirodudion — SjsUmatic pUnt bmding fiodirs on modfm lines based ea pure 
line theory in crop plants of Sind and breeding of improved types did not commcnen 
in Smd earlier than 1916 ^ben a Special Officer was appointed for this work. Till 
then tna«s selection of well developed car heads of gram crops and fully opened bolls 
of the 1710*1 vigorous plants was tha sum and anbetance of all plant breeding work. 
The mais selection however, nselnl in maintaining the type did not go very far in 
producing new iraprosed itraina of crops Colton was the first crop to rveeiva 
attention and the Epenal Officer appointed in 1916 was raised to the stains of Colton 
Breeder in Sind in the yrar 1020 The plant breeding srork was then extended to 
wheat, suliseouently to iiee and other crops It rocn became apparent that tha 
breeding of improaed tspea of crops was the mo«t prcfitable line of work since it 
inxoUed no extra expenditure to be incurred by the rultivator in the n«e of improved 
teed Henct tins work liecame tha most important and popular activity of the 
AgrieoKural Department in Sind With tha opening of the Agricnltural Research 
Station, SaVrnnd in 1926 as tha reeult of Lloyd Barrage Canal Scheme, Oovrmrnent 
decided lo appoint an Economic Botanist to deal with the breeding of crops in Sind 
asriite.l liv the Cotton Breedee and other staff The Botanical Section it now ona 
of tha morl import.snl Sections of the Agricultural Department 

in rtfic— The chief suns kept in slew in hreeding of improved types of 
crops in P'nd base I'/vn greater rroduction per acre and a readily saleable produeo. 
To arhieve ihere objects, the following iha'acters of the plant have ^ecelr^^ tha 
preatf«l attentiori and dclfUed stody — 

(1) Hardiness (a withstand the climatic conditioni of Sind particularly high 

temperatures, hot winds, and frost. 

(2) Brsistsnee lo di«c8sea and pesla 

(5) rrnod of growth at limited |.y conditioni prevailing in the well define*! 
tracts of the Pioiiiiee such as water sopply, rptimun lima of aowing, 
apf’earrnee of certain pests, etc 

(4) Qualitj, as judged by mrket demsnd. an.l cut torn, s y , pirninj out turn, 
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MhMs emp/oy<t/ ^The chief mrthodi employed are— 

(1) Sdtction. fa) Collection of bnlfc Mmplee from villages, (i> Isolafton of types, 
the best^a^rains plants ia the ptomisinj types, (rf) development of 


(2) ^ccfmafisatjon — (o) Colleclioa of vanetlcs and types from different parts 

of India and abroad ft) Selection of single plants, (c) fixing occhmatised 
strains, 

(3) /Ti/tr/cfiSrttion Crossing of two types lioth indigenous or one indigenous and 

the other imported and acclimatised in order to combine the desirable 
'■haracters. 


In all these methods of plant breeding the pure hne theory and the maintenance of 
single plant tradition m the progeny rows haie pfciyed an important part and have 
resulted in maintaimng the new type in its original form. TlTicn a pure iinc has been 
established, it is multiplied and tested m different parts of the Province and if satis- 
factoi^ results arc obtained, it is issued for diatnbution in the district. Such tests 
are very ligid and aie spread over several years before the improved types are recom- 
mended to zamindars The rciult has been that only few improved strains have been 
issued to the Pnbhe and all have stood the tests and none of them has so far bean 
rejected This rigid testing in the didrict and carrying out these lesls for o number 
of years before issue has been the secret of success m the introduction of improved 
types of crops in Sind. The Departmental organisation for tho multiplication of tb* 
pure seed or improved varieties of crops is based on ’unit’ system, each unit ropre- 
seafing a definite number of acres to be covered with tho improicd variety in ft five 
year period of time. This system has the advantage of being easily expanded at> 
any stage to meet mercasmg demand The seed multiplication lehema consists of 
five stages, vi:, 

(1) Seed patch located at the Research Station, 

(2) Increase block located at Govomment Demonstration and Seed Farm, 

(3) Field scale planting located at M’ class registered gruwrrs or «miodar»> 

(4) *B‘ class registered growers or xammdars, {5} District cultivation. 

The greatest diradvantago of such schemes n the extent tv which rehanco must b« 
put on non-official agencies for the multiplication and distribution in the later ilagrs 
This organisation however, has been very successful in ihe multiplication of pure seed 
o{ unproved varieties o! cotton. > 

Each year large quantitfes of «cc<I of improved vnnrties aro distributed with % 
view to drive out the ordinary mixed and unimproved seed used in the country. 
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APPENDIX V, C. 


(Note by Mr. K. Eamiah, Genclicist, Institute ol Plant. 
Industry, Indore). 

iNTHOBCenOS. 

Systematic aladics in cwp plants and breeding superior types out of them 
may be said to hate begun in India in the first decade of the present century, the 
crops to receive attention first being cotton, vheat and sugarcane. Rice sras taken 
up soon after, but work on mdlets, oilseeds etc , wa* started much later. Although 
every provincial department of agriculture began with an Economic Botanist for 
the study of erops, later policy had led to the appointment of a number of crop specia- 
lists each confining his attention to particnlar crop or crops It can be said without fear 
of contradiction that breeding Mtler types of crops vs the most important and 
popular actinty of the agricultural departments, since the advantage of the improved 
tjrpes can be easily demonstrated and the cultivator is not obliged to incur any addi- 
tional expenditure. 


Aim in C&xEDtxc. 

The ultimate aim of all breeding work ia to obtain new forms of crops the 
cultivation of which will bnng a greater monetary relnm to the cultivator. Greater 
monetary return is essentially a question of greater acre yields. Even m crops where 
Equality* is important as in cotton and sugarcane, yield is still the predominant factor 
to go for. If quality can be combined with yield all the belter, but quality without 
adequate yield is not likely to bo of any heip In cotton it it known that a ten 
percent improvement in lint quality can compensate only one percent improvement in 
yield. That a tufilcient premium is not obtained for quality it not due to any 
fault of the grower but in part doe to the want of an eScient marketing organisation 
and to the varied intc'ests of the intermediaries who come between the grower and 
the consumer Quality in food crops which are consumed locally and in which 
there is no export trade is not of general importance Quality in auch cases is also 
difTieolt to de*cnl>o as it is only a question of eppeonnee and taste which requiremenlt 
again vary from place to puce A fine rice of hisdras would be considered 
coarse in the Punjab; the Central Indian wheat consumer will prefer eAopotu made 
out of Malwa (duruml wheat while cAomSu made out of bread wheata mar be 
preferred in the Poniab and the United Provincea The quality here has no War- 
ing to the nutritional value In rice, kinds of poorer quality are found to be the 
rnore nutritious Research on the reistionship betweea nutritional value and local 
preferences is worth uudertaking 


tU-vcira aiuanx icnixrto 


That the results of plant breeding in India have l^en tangible can be aeon from 
the area deiolod to improved types, and figures 11934 55) for four of the important 
crops tro given below : — 


Rice . 
Wieal 
Cotton 
Sugarcane 


Arvo 

Art*a iinil^f de\otM 
impccrve^i 

UT" 

si.p^.WK) s.s<v«.«v: 

•3,^30 (»■) 3.816 


Prrr«-«i1AS*» 


4-0 

18-9 

16-0 

?:-6 


The figures »bow a lig d Prrvn.'e among tt,e four m-f’S Pn’>ci|*l'T da* V» tl>* 
comparatively simpler lechttiqoe invo!tt4 in breed eg sagarcaae. U.* i2=p*uvfm*:> 
attained in the new types has Icen sa strtting IIaI It djes fs 1 tj rasin'* 
the irort oonservaliTe of growrta tVlile aach pheeioeamil imp*yTert»v.s eaU 
be raaliwd in teed crops l.le nc* anJ wlirat td.e srra under th^ u to eitcni.vo 
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tho mn'ditions under which 

produce'1^“ta„,’j’ccnp°“,“‘“^“"tS in “nip,”"* ‘BeLS°of 

prebatlj. eqSljr trnc of BenifS V™ S^trr than IharS^hei “Vi"*'' 
on for a pnch longer Itan £ !n°'‘„,hrp1„“.fe-ce7'"“ » bee„’^'*",n‘^ 

ilETnOD OF BltEEDIKC. 

iotrodaclio?and hyWdSalh.^ r" ‘"'Idional lines of scI f 

L"il‘ 

SJ^e^fa^T/'"’;*™’ 0«S7"rde‘rJ^7!l1,e‘r'‘’did°'“,' «d 

have ficjhtjes to meet them. The creat ranre nf u 1 °°*’ or did not 

crop w gnSro in different climatic conditions 

adap.,aUons and it h more an weDtion coimtrj has resulted 

lrr 5,1 “ one. tract pres a satisfactory crop m a 

varietal diversity in any narticnlar t/wal.*» —k' * oifferent tract. Acarf fmin 
nicrpholosical cLractersf m!inJTn 

?h. P'«« to MotheJ Sfs ih„„M “P*"^ 

there should be a sufBcient number of breeding cenlrla fir. naturally mean that 
of the important tracts. The results obtained at the ?"P >“ «cl» 

be supplemented by a large number of trials actoallv hat-e to 

flelds. It IS the resolta from such trials that shonH^it*^ cultivators’ 
improved strain. These trials if earned oat on a Wa ^ 
a help to delimit the areas suitable for particolar sir^Ht ^ 

trials has ^eo recognised and some prbvmees 

•what IS probably needed is a perfect Operation P"*^' 

officer concerned and a well thWht out ^an of ^‘rk Thlnk^f^ 'I k*®? i^*’® 
stahsticians, the methods of conductine such trials iTiv ilr \® * toe 

and subordinatro of the agricultural dc^rtmenta with a httir^ra'inm *‘™pltoed 

to manage the trials satisfactorily. “'® training should be able 

Deixiuoiutio.v or sttiiiss. 

Every one is probably aware of the common complaint that a strain 'runs ot.i> 

.iftcr some time. Thera may be special causes contnbuling to such determj-iiJnn 
In the caso of sugarcane where this complaint has been rather loud it is knon-n ihi^L 
the deterioration is due to the growing of the high vielding Coimbatore types in 
the same land repeatedly without any rotation and without any attempt to fe^lit 
the fields. The ratooning is also known to encoonigo pests and dise.ase3^to which thl 
cane nltimately succumbs In the case of gram crops such detcnoralion has invanahlv 
been proved to be duo to tbo type gelling mixed up with other inferior types. The 
author had an occasion once to try a particular strain of nco -released five or 
years previously and when seed of it obtained from a cultnator who was known to 
maintain it pure was tested there wax no sign of any deterioration Fairfield Smith 
(1935) has however mentioned a raso in America where somo of tho wheat strains 
from Turkey Red wheat which w^cro very much better than the control to berm 
with ultimately cam© down to tho level of the control after some ^cars. This point 
is rather important and needs looking into in several of tho Indian crops as such 
deterioration is hardly a thing to b? expected to occur m a self fertiUred cron In 
tho caso of selections from hjbrids, they aro known to throw “orf types" after somo 
generations, (Englcdow 1033) and tho gradual deterioration in this case rairht b® 
attributed to a residum of impurity and the d.vreismg perceiiLigo of hetcroiypositv 
from generation to generation. This point should take us to the consideration of lb® 
question of limits of selection. 

Lrserrs or Srixi'TioN. 

"When one® a Pur® line'has been obtained can it l«e further iniproiej by selection!. 

Some years ago In® answer to this question would hx>o l^x-n an emidiatic no. Th® 

Aothpr had one® to try this m ric® at th® auggesiion of F. Ik I'aniell who was Ih* 
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E«inomic BotinSst in Coimlyilore. A certain numlier of iinple plant aelcetions from 
an already catabluhfd »tram wa« compared ajraintt the atram with the reault that 
the vidd diffcreoccs among them were hardly 2 to 3 per cent, considerably within 
thfl IiraiU or error. The eompari'on was, of conrie, for yield only. It has to bo 
remembered however that the field lechniqae waa hardly perftol fifteen yeara apo 
and it IS possible it was not delicate enough to bring out small differences. In 
cotton llarfand has proved that even after 10 years of continuous eelfing it was possible 
to improve the lint index by further selection. In tho case of other crops tho 
question has not apparentlv received any attention A special technique haa been 
evolved by Hutchin«on anil ran*o (1037) which is being auopted at the Institute of 
I’lant Industry, Indore and this has shown the possibilities of improving the types hy 
repeated selection not only in cotton but also in aeveral other crops like wheat, jewar, 
lin«eed, gram etc. The techniquo has been found useful not only to assess yield 
bat also various other characters as lodging of straw in Jovar, will resistance 
in cotton, frost resistance in linseed, etc. A strain tho purity of which is deter- 
mined usually by its morphological characters need not neces«arily be so for yield 
factors. Fairfield f^mith's observations might probably be explained that the original 
selections ronsisled of a number of genotypes some better than others and detenora 
tion was caused by the gradual increase of the poorer ones. It is possible to get 
over this diflicully by having a small replicated progenev row test continuously and 
weeding out the poorer genotypes This investigation should appear very important 
and might be undertaken on a wider scale on all crops. This technique o'f replicated 
progcncy row test is also useful m getting the roost out of any available material 
before fresh material is handled 

■When it IS now known th.vt the theoretical homotygosity is never attained particu- 
larly in tho casQ of quantiUtivo characters the breeder hss to decide at what stage a 
particular strain should bo released So long a.s tho strain haa attained a high 
degree of purity in all commercial characters, and its mperionty definitely proved 
there is no reason why it should bo withheld Tbe mamteDaoco of punty to the 
BQcleus stocks at tho experimental stations and tho organisation necessary tor systematic 
multipticatinn and sprmd of tho strain are outside tho scope of this note and are not 
discussed hero. 


lifrroveJttvTs in briediko TtcT!^^qc*. 

Yield IB the main consideration in a breeding pregramme but still it would appear 
eomparativelv useless from the breeding point of view to choose plants for crossing 
mainly on their final performance as reprds yield. \ield is not a simple factor to 
lend Itself to any genetical analysis lUsmusson (1933) hss calculated that at least 
100 to 200 genes must be concerned in the inheritance of yield Analysis for yield 
IS intimately associate 1 with complicated physiological processes occurring during tho 
life of a plant in all its separate organs and any given yield may ho built up in 
a number of different wavs Developmental studies are of some help to the breeder 
in identifying such of the'eomponents as have the greatest effect on the end product. 


, , by crossing, the technique usually 

„ • Though comparison of selections 

, , ion tbe aim of the breeder should 

. ■ . value at which he is aiming. 

• es could bo transferred from one 

, • His technique is to back cross 

■ ishes to improve and select from 

the back' cross progenies rather than from the Fill The technique may not b» 
directly apolicablo to cereals like nee and wheat. Dtrect selection from F, onward 
in those crops for higher yields has not resulted in any outstanding forms. Th 
several useful results obtained so far have been in the way of improved anciUiar 
characters such as earliness, stronger straw, disease resistance etc., combined probabl 
with a small increase in yield Another useful method as applied to these crops migh 
consist of making repeated crosses among selected progenies from the F, onward 
until the mean of the characters sought after is raised to the desired level Th 
method is under trial for nee in CoiroMtore. 

' Application or Genetics aso Cxtologt to plant bueetixo. 


According to Engledow (1930), AVatkins (1934) and Bell. (1937) the suece$«es ii 
plant breeding have come about more on account of new problems, new areas and to thi 
experience and skill of the breeder rather than on the application of genetical pnnciples 
It 18 true that the value of genetics to plant breeding has been over emphasized in thi 
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The saina vitnT was aopported Lr tlw* All-India Toard of Apricoltare, which in 
1034 nnanimoual^ passed a resolation to the effect that the first step in any sUerapt 
to iniprove statistics should t>o to appoint a Statistical Assistant with an adequate 
ilafl under each Director ol AgricuUure Tha Indian Economic Ent^uiry Committee 
(10^) also considered tha improvement and Amplification of existing spricultural 
statisUps. The Committeo was well awaro of the unsatisfactory character of agricul- 
tural statistics and has stated in clear terms — "There can he no denying the fact that 
from the point of licw of economic data the agncultural statistics are defective." The 
Committee recommended the establishment of n Central Statistical Pureau at the head- 
quarters of the Central Government, to lake the nlac-j of the Statistical Section of the 
office of the Director General of Commercial Intelligenco and Statistics for the purpose 
of ecntralisatihn of stati*tics It further recommended that eicry Province should 
have a Provincial Statistical Dureau with a Provincial Statistician at its head and a 
staff of Assistants With such a consensus of advico from the highest authorities it 
seems unneccsviry to justify further the need for the appointment of a Provincial 
Statistician. _ The writer submits that, for many years past, too little stress has been 
laid on the interpretation and technique of the statistical work. Take the case of 
rainfall statistics Wc have the daily rainfall data for over stations for .almost SO 
yean and yet beyond the voluminous compilation of all this data and the preparation 
of periodical (Weekly, monthly or annual, as the ca*e may I'f) review* no compornftve 
study of this tmluahlc data over a series of years has bevn attempted, say, by means of 
corves, nor has it been possible to study the more important question of how much 
of the rainfall received has l-cen really usefni, how much ha* l>ern lost in run off etc . 
and how much has lieeii definitely detrimental to crons. An attempt m this direction 
was made by_ Dr. Mann who had tentatively framw certain rules for calculating the 
"ifltiixKt" rainfall. Thus, a rainfall below a eeriam amount h-sd to l>e ignored, that 
tlove two inches in a day had similarly to b» discarded, while ram which occurred 
at the tima of harvesting of the A'Aon/ or tahi crops was to be taken as injurious, et& 

A number of corves for reprvsentatlvo stations in the rrrsidency showing the efieettvo 
rainfall were drawn and in some cas4>s like Poona and Pomliay, data was collected for 
70 or 75 years. Tho resolU eppeaKd promising as, by a comnarison of the curves, 
it appeared to be possible to indicate some forecast of the agricultural outlook for any 
season This question w.n hterly shelved and has never been reopened, although 
it would be very desieable to proceed with the study, if adequate staff for the purpose 
was available. 

Aa regard* price ilaUsUcs no weekly, monthly or annual review u made except 
in Chapter VII of the Season and Crop Ilenort In fset. all that n done with regard 
to price statistics is (o compile and pubtisn them for Loth retail and wholesale pncM 
for a numl>er of stations montblv and/or fortnightly, after rrmoiing obvious dis 
errpanrirf. A* stated in the ll^rt on the Marketing of Wheat recently publithe<i, 
tbe^e price statistics are very defective, the retail pnees are sometimes cheaper than 
wholesale prices, the aversce Quality of the article for which prices am quoted if not 
tho same at each station, there i* confusion in the uuils of meaiuretnent and so on| bat 
apart from these defects the chief defect is that Uiey have never been studied over a 
•eriea of years with a s jrw to find out, say, by means of curvM. their trend • e , whether 
there if a tendency Cn riio or fall in certain case* and at eerlain periods and what is 
more important la find out whether the vanationa are due in hx-al rondHiom <r >/ , more 
or less local prodiulion) or to change in the hahits of the penplo e y , the tendency of 
the people of switching from yvr Co sugar or from Jowar lo l-ajn, rlc , or to worbi 
factors ey-, world depression, tariff change* incrense or deerease m the produce in 
foreign countries, etc., etc,. W« have got loth retail and wholesale prices for a numl-er 
of articles and stations, on record for almost tO year* which could very well 
nUlitcd lot working out the cost of Uting xndet and tn finding out the rmrutlon* In 
Ih* purchasing power of the rupee 


A* rr-ard* general ilatiitir*. these relate mainly to lb* sre* and yield of crop* 
i«i even In this mss. more attention it paid to mmpilstion than to InlerpreUlion 
Vis area figurf* of the different Crop* ar« paMished penodically in Omp rcrecai'.s ted 
I ^'ihe Feason and Crop Itefort ifurlng cac.h year lut no attempt has l»en mad* I* 
1 balate th* areal under the different crop* for, say. 30 or ^0 year* and to find «t 


tabulate th< 
tt-s cf.wig'- 


, for Iheia ahangei .\ mmpai 


cf ll e am 


ith isvire .V) years la'k will sh^ 


?va'rther* ho* * tremendoui' charg* As regard* yield dita. In ad-blf-n hv Ih* 
of cr^p outturn* paldi*h'«! In th* roreea,{t and h tf* 8ea»in anj Crop nepoft. 


of cmip outturn* pul... • w.. — 

jt...,-erl st’winr th* aversf* Jrlrl! p'f ama cf p.rincipal emp* I* s/nl fttry r.M 
^.ses Lv' th* Direct.-'f GersrsI of Come-err'sl InfeJfjgen-a and FuUtth*. lot •*** fa 
j,., atlff-ft I* r*ile to arriv* at th* «!ala ly mear* ethef ihio He en-p 
'■ I pfS iv-n sorveyr-t vsith a view |» see vthr!>rf lh» yj»il 
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Acre ii incrrasing or decreasing, eay, daring the conru of the last 30 or 40 years end how 
fer the increase, if any, is due to improved seed snppW, better methods of cultivation, 
introduction of improved varieties as a result of the enorts of the Agricultural Depart* 
mcnt, etc , etc , or how far any decreaso is due to erosion of the soil, deterioration 
in the economic condition of the cultivator, recurrence of bad seasons etc., etc. This 
would be a very interesting and profitable atudy. 

The form in which agricultural statistics are published also leaves much room 
for improvement.* A comparison of our Season and. Crop tleport with the Year 
Boole of the United States' Departmenb of Agriculture will snow that while the former 
contiuns a short paraphrase in letterpress of the figures shown in the statements, the 
latter is a much more interesting, useful and comprehensive publication. 

lu short, the way in which agricultural statistics are dealt with at present 
leaves much room for improvement — less in compilation, more in presentation and 
most of all in interpretation With the existing statistical staff it is impossible to effect 
any real improvement and a Statistical Assistant with two senior hands is, in ray 
opinion, the yntnimum reqnirement to start with. Althongh improvement in the 
compilation and presentation of the statistics would be among the main duties of 
such a staff they would also be expected to take up other problems connected with 
agricaltural statistics and to endeavour to prepare the way for a systematic review, 
examination and interpretation of the large amount of accnmulated statistical data, 
in the Presidency. 
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APPEKDIX VI, C. 


Note on All-India crop lorecast improvement scheme. 

(0. AMI5EKAI5, I'rtrctjrl Vfltetr n fherye Colton Fortcatl /nfrox-tntnl 
Sthtnt, Doritcy Prtstdtney). 

Tha Int'orlanro rf «nfcl crop forrcittin]; ts too wfll known to nature *nr 
irer.tiaa. IJr-ilinrj thti, tJ-e Govrrnmfnt of indik »nd tfie Trottncial Go>frTiinrnts 
l»Te l-^n liiuin;: crop forfcaiU for ot-er lialf & crntarr but llie posttlon continurs 
nsi4tiif«ctorT And tho Arr widr of (h<* mark The rpccial inTfttij;AHon 

I’Ttsj cAmrd cn m connection with the tmprotrtnont of the Ilomlay cotton forecAst* 
wv^ Iho f.naTini\ aiA Colton Commilleo iince 1%-1 hu ihown 

that dl the three fAcJon on which the rmp forreartt arr baicJ, rir., (1) the area 
(2) the ar.r.A lAluAtion and (3) the •tandard yield hj^ure* are iniecurate. In the 
CA»e of AfcA there are initancca on record where the area reported from a certain 
prc'Jp of Stale*, for example, for lie firat two forecaiti i»'ucd in Oclolvr and 
l>fceml<f (i.f., fully t«o to four month* after the completion of the cotton rowin;;*) 
hai l/ccn only I'ctwccn 6 to 8 lakhs of aorr* a;;tinit nearly two million* acre* reported 
for the f nal eotlon fore^*t. h'r tftt tame tra>"t. i*<tird iuV«enuently in .Vpnl ' Similar 
rTTefalarinei are aleo noticed in the c**e of llritirh JJittneU. Confusion l-ctwcen 
the anili of reaiurrmenl as l<elwcen and arm hat alto l>een found to l-e 

rripcniible for a wrons eitimate to the extent of ICO.CCO l<alf* of cutton in ctie 
pro'jp of Indian Stale* alone* 


Ai rerardi the itandird yield fijnre*. the«e are very much anle-clatf«l. there l-eins 
cavi where na reTiiic'i fonld le made f„r want of data for the latt 20, 30 or rern 
M Tean. Similarly, th^*e Trnret arc not aeailahle reparalely for irricated and un- 
Irriffsled cropi in all ea*ei. Farther, in the ahvnee of eeparile fcore* for the Indian 
Slate* the practice i* ^eure of the nearr*t Itritiih IhilHcl In work out 

the eattom in Fiatc* but the Itcralay cotton ferreatt ineeitisstion ha* clearly shown 
this practice m def.nilely wronj. 

», rt'nrdi anra ralostlon, i f., the e*ti—ahon of the rendit’on factor, it I* inoitljr An 
eTeVilimate and iKii-m only approitnate. Itet.de*, u i« mainle d ^ne for purpoie* of land- 
reeenae whf-h ii I ll••d Eipenerre ha* shown that for other purpo.e* lice crop 

fcroeaitirj:, 


, ihti talaatjon work it ne;:leeted. 


The aeTere oJTcul aft 1 r.on-«r.cIaI crit.ciim of the lUimbay ca*tor*eed and ptound 
esl ferrca*li a few year* lack, the tery wide difTerence In tie eatitnate of tol acen 
cattnrn fratied hr ih* 1®^1 Ol'.eer* and tljt framed ty the Aericultural llepartmeni 
the tail* of tie old standard sield fjure*. all cm to confirm the Bniiliifaetorjr 
chi'Ac'er not only of cotton crop forecB*tiBc. hat of crop fore^-a*tinc a* a whrU, 
tl'... tn th. ItenUr rrr*Mrft'7. 
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the area figures are now much better than tonnerljr. At for anna valuation, it is the 
basis for the collection (or for auspenaions and remissions) of land revenue. It is, 
thus, an admmistrutivo nuestion and to cannot be tampered with but even in this 
COSO it has been found tnat by making a certain allowance on the basis of previous 
•experience, it is possible to improve appreciably the forecast estimate With regard 
to the standard yield figures, the work in connection with the Bombay scheme 
•has also shown that although systematic crop cutting experiments are the best means 
to revise the figures, much can be done to revise them in the bglit of other data, 

, collecting yield data from experienced Oflicers and cultivators, by tabulating 
and interpreting data availahio with the Agricultural ond Revenue Departments in 
their Annual Keports, Hxperimental Station Itecords, Settlement Reports etc., by 
dividing the actual crop by the area over a scries of ve.vrs etc, etc. The results 
obtained with the figures revised tentatively with such data have confirmed this 
view m the case of Bombay Further, the Bombay investigation has shown that by 
making allowance for the various irregularities, by the collection of relevant statistics 
of the movement of crop, by discussion with experienced officers, cultivators and 
trades people and fay seeing the crop in person at numerous centres, it is possible 
to make independently a more accurate estimate of yield than 
the Guvemment forecast of such yield. The attempt made last 

season (1936 37) in the case of three areas including in the Bombay scheme has 

given very encouraging results in this direction, in all the three cases. The inresti* 
gation has further brought home the importance of collecting and interpreting sup* 
plementary data, e g , movements of the crop. Trade estimates (ginning returns in 
the case of cotton) etc., etc. 

It will thns be seen that by extending (he scope of the Bombay Cotton Forecast 
Improvement £icheme so as to include (he more important crops on which forecasts 
Are issued and the various Proviuccs and States of India, it is possible to improve 
Ibe position of crop forecasting very appreciably without Incurnog any prohibitive 
■expenditure either on increasing the village staff, i.e., the Reporting Agency or on 
<arr 7 uig a very large number of crop cutting experiments over a series of years 
Turther, the necessity of improving the forecasts of off crops (for instance, the 
anxiety shown by the Imperial Council of Agricultural Research for the improvement 
■of the statistics of wheat production and for the issue of forecasts on certain cereals 
And poises] and the importance of correct crop foreoasting to other very important 
alMcdia investigation like the hfarketiog of Agricultural produce etc., show the 
oecessity of an all-India Crop Forecast Sterne. 

Besides, an all-India Forecast Scheme is not a new idea. Even in 1932 the Indian 
■Central Cotton Committee came to (be conclusion that it would be profitable to 
•engage a man to study and to report on the system of (cotton) crop forecasting in 
India and abroad. This view has been further endorsed by high anthonties. An all- 
India Scheme vnll be carried on with an all-India outlook which is essential and 
there will be uniformity in the method followed On the other hand, having a Scheme 
for one crop or for one Frovince now and for another crop or Province afterwards 
will be like patch work Mach time will have to be spent on spade work, as each 
Provincial Officer will have to spend a good deal of time in such work The Bombay 
Scheme has shown that even for a provincial scheme it is essential to go beyond 
the geographical limits of the Province to ascertain how far the problem is afiected 
by conditions in the surrounding areas [t.g., the imports of loose cotton m Bombay 
from Hyderabad Deccan inflate the press figures and make the Bombay cotton fore- 
cast for the Deccan, apptar to be an underestimate) Ae the all-India forecast 
is a consolidation of the Provincial forecasts, it la also evident that to make the 
dormer accurate the latter must first bo improved An investigation in the various 
Provinces of India may bring to light certain good points in forecasting in some 
Provinces which (with local modifications) can be utilised to advantage In the other 
Provinces. Data collected in one Province may also serve as a check on similar 
4lata collected in adjoining Provinces. When once the Central and the Provincial 
Governments have undertaken the issue of crop forecasts as their duty, 't is essential 
that these forecasts should be accurate tince the public naturally look upon any infer- 
vnatioD issued by Government as authentic In any case there is no reason for the 
Government forecasts being less accurate than the Trade estimates An all-India 
and all crop loenosting scheme can also legitimately look forward for financial help 
to the Inaian Central Cotton Committee, the Imperial Council of Agricultural 
Research and .ilso to the Govepimcnt of India .is these an all interested 
-in the improvement in all-India crop forecasting If this view is accepted, the cost 
per head will be very small and such as can easily be borne without waiting for the 
improvement of finances This is an important consideration. Besides, only recently 
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the Indun Central Cotton Committee and the Imperial Council of Agricultural Rc&carch 
jointly financed the Economic Enquiry into the cost of production of cotton and 
sugarcane at a total cost of about 5J lakhs of rnpees. If that enquiry was worth 
this cost and joint financial help, the all-India Crop Forecast Scheme (which has 
been acknowledged to be of such importance by all, not only for its own sake but 
for other important all-India Schemes like the Marketing Surrey and Crop Planning), 
is certainly worth similar help. 

Considering ail factors, an ali-India Scheme of crop forecasting seems not only 
desirable but quite essential. Assuming that the all-India Scheme will be carried on 
on the lines of the Bombay Cotton Forecast Improvement Scheme, the period required 
will he about ten years and the expenditure required will be about two laklza ol 
rupees including study of the problem abroad as shown below f— 



K6'L I Ott'i 


263 



cfthf. crop f.'rrvMl{nR pro^frm, (ibmivi, outnitla ImlM 


























26i 


It ia assuiaed that the par girea to the Offiecr in charge of the Scheae win 
bo abont the same as giren to senior OScers {sar, lie Marketing Oficws) in the 
Marteting Scheme now working or to the head of the Economic Enauirv recentlv 
completed, both of which are aU>Indxa inTestigalioas. This eipendituk', as wiU 
be seen, is onlr a fraction (i.e., oalr abont one-third) of the cost of the Economic 
Enquirr. Pnrtier, if the cost of the Eorecast Scheme is shared hr the Indian Central 
Cotton Committee, the Imperial Conndl of Agricaltciral Eesearob and the Govem- 
meat of India, as is snggested, it wiJI bo oalw abont Es. 6,500 per head per jwar, 
which will be admitted as rerr moderate. 

To sammarise, from tbe present onsatisfactory position of crop forecasting in 
India, it appears that at one time or other the problem must be tackled from an 
all-India point of view. The Boaibav Scheme has farther shown that hr daser 
personal oieck and hr obtaining sopplementatr data, much can be achieved without 
touching the primaiT reporting agency, tbe reorganisation of which would mean prohi- 
hitire cost. The alMndii Scheme is cot. Ihns. a mere experiment but is jastided in 
every way and the expenditure woald seem to be folly worth while. 
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APPENDIX VI, D. 

(NOTE BY THE SEGBETARY, I.C.A.B., CONTAININO NOTES 
FROM RAO BAHADUR M. VAIDYANATHAN, STATIS- 
TICIAN, I. C. A. R. AND DR. W. BURNS, AGRICUL- 
TURAL EXPERT TO THE COUNCIL.) 

The attached Dote (annexure I) by Rao Dahadur M. Vaidyanathan, Statistician, 
Imperial Council of Agricultural Research, u for the consideration of the Jtoard. 
The_ Imperial Council of Agricultural Research have examined the question of crop 
statistics on various occasions and the attached copy of a note (annexure II) by Dr. 
W. Burns OSg Agricultural Expert to the Council states in brief the action taken 
by the Indian Central Cotton Committee and the Imperial Council of Agricultural 
Research in certain cases and the action rrfaich the Indian Central Jnte Committee 
are taking in respect of jute. In addition it may be mentioned that as a result of a 
recommendation made by the Crop Planoing Conference, 1934, Provincial Governments 
have been addressed by the Imperial Council of Agricultural Research on the question 
of issuing regular crop forecasts in respect of Joicar, Dajra, matte and other millets, 
barley, gram and other pulses and Khanf pulses The Government of India have 
also taken up the question of amplifying the rail-borne trade accounts and have 
appointed a committee in this connection 


ANNEXURE I. 

Note by Rio Bshadcr M Vsidyavitban, MA, LT., FSS, SiAnsxiCTAN, Iupk- 
nnt Council or Acsicultdral Research, India 
IWIEODUCTJON. 

The nature of the agricultural aUtisUcs published so far may be broadly classified 
as follows 

(1) Crap foTteaHe of area and yield for ten crops only (Rice, Wheat, Cotton, 

Jute,* Linseed, Rape and Mustard, Sesamum, Groundnut, Castor seed, 
Sogacane) issued periodioally and published in Indian Trade Journal by 
the Director Genera! of Commercial Intelligeoce and Statistics, the 
number of forecasts issued depending upon the importance of the crop 
presumably from trade standpoint (Vide Appendix I). 

(2) Eettmate of Area and I'le/d of Principal Crops m India (published by the 

Director General of Commercial InteUigeuce and Statistics) issued annually 
for thirteen crops with supplementary tables for seven crops (ride 
Appendix I), which include (a) Yteld per acre of the thirteen crops 
for the ten years preceding the jear to which the publication relates 
(b) Standard or normai yields per acre of those crops for which fore- 
casts are issueil (c) Normal and actual rainfall in each province and (d) 
reported areas of yields for certain crops only in foreign countries 

(3) Current Prices of some important agricultural commodities published 

weekly in the Indian Trade Jourmd, and also wholesale pneet of certain 
staple articles of trade at selected stations issued quarterly. 

(4) Other agricultural statistics included in "Agricultural Statistics of India”, 

Vols. I and II, (also publuhed by the Director General of Commercial 
Intelligence and Statistics) which deal, among other things, with Gassi- 
flcatiocs of areas (areas under forests, those not aiailable for cultivation, 
cultorable waste other than fallow, current fallows, net area sown and 
total), irrigated and nn-irrigated areas, the numbers of livestock, ploughs 
and carts, incidence of the land revenue assessment cm area and popula- 
tion, and harvest prices. Vol. I of "Agricultural Statistics" deals with 
British India, and Vol. II with Indian States, and information is given 
for each individual district for each province. Besides these important 
publications we have "StatUticid Abstract for lirituK India” published 
annually by (he Director General of Commercial Intelligence and StatUtica 
(Including Statistics where available relating to certain Indun States), 
Quinquennia] report on the average yield per acre of principal crops 
in India (which data are also summarised by provinces in "Estimates of 
Area snd Yield"), sod Live-Stock statistics publuhed annnally. 


• Published by the Director of Agricnlture, Bengal 
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Special supplements of Indian Trade Journal are issoed now and then (not regularly) 
deaUnc with statistics of tea, rubber, coffee and tobacco. The trade movcn.eiit of 
igricultural commodities is supplied by the following monthly publications : — 
Accounts relating to the Sea iome trade and jiatdgation of British India, 
Accounts relating to the Coasting Trade and navigntioq of British India, 
and 

Accounts relating to the Inland (Rail and River-borne) Trade of British India. 

'J^view of the Sugar Industry of India* is a very useful publication, end also 
‘Review of the Trade of India*, published annually. 'Cotton Jlliip of India’, and 
‘Crop Atlas of India’ (the Utter was published for the last timo in 1935.1 giro very 
useful vnformation. 

These are all publications of the Director-General of Commercial Intelligence and 
Statistics (Government of India), and the provincial governments publish annually 
their 'Season and Crop Reports', and also their own trade figures and prices period- 
ically. 

Methods ron the Couxcrro.v or AcnictxTcnvi Stojstics. 


(a) Methodi for framing estimatet of crops 

Areas.— The details of the methods adopted in framing estimates lor crops ind tbo 
wllcclion of statistics are given in Appendices I and JI of ‘Estimates of Area and 
Yield of Principal Crops m lodia’. Three factors enter into an estimate of out-turn 
area, the standard norma) out-turn per acre, and the condition factor whoso 
product gives the quantitative out-turn) Of these, the area figures are considered 
to be fairly accurate (except in permanently settled tracts like Bengal ard Bihar 
and in lands held on privileged tenure, and unsurveyed lands), It seems necessary to 
improve the accuracy of the nrea figuics m these latter tracts, which can best be 
done by proper sampling methods applied to specially selecled areas and knowing 
the extent of error between the actual figures and sampling data Taking the rase 
of Bengal and Bihar, the simplest course seems to be to divide the province into five 
(or a larger number of) tracts, and then to apply proper sampling technique for 
each crop in specially selected areas (got by randomisation) in each tract, which will give 
A measure of aivergence between the actual and those sampled. It vronld be advisaWo in 
the beginning to take as large a number as possible of areas for each tract and aleo of 
sanvpb s to bo taken m each area Once the variance (or the extent of variability) between 
areas, and between samples m each area is known, the actual number of areas to be taken 
in subsequent years for each tract and the number of samples for each area van 
be determined, consistent with aoy standard of accuracy desired. 


Standard formal Out-turn per acre— The second factor that enters into the com- 
putation of the total yield is Standard Mormol Outturn per Acre. The method 
that is now adopted in some of the provinces is what is known as the method of 
"Crop-catting experiments"; by which samples of yields arc taken from different 
fields in a locality from which average yveld per acre is calculated. 


The general defects in any methods that have been adopted or suggested so far 
(«,£?., Hubback’s method in Bihar, and the methods now adopted in United Provinces) 
for arriving at an average yield are that the samples of fields selected have not bcc“ 
unbiassed be«ides the inadequacy of the number sampled, and that the sampling 
the field is equally not unbiassed besides being insufficient. General experience n» 
shown that the only way of removing personS bias is rondamisahon, and that t 
number of fields to be taken in each locality depends upon the degree of * 

desired. Therefore, for future experiments it seems necessary tlwt each 
should be divided into three (or more) sub-divisions, that in e.ach sub-division a 
number of ‘areas’ should be selecled at random, and that in each "area ,„ji 

fields — or a larger number — taken at random, should be harresled depending r. . 
the variation of field to field Within eath field a number of sampling .* ® j.-g 
ho taken, free from personal bias; and this can best be* done by inarKi g f 
a diagonal of the field as many points as the number of units necessary l ^ 
pacincs between point and point, and catting the crop at each ,jjj 

covered by a circular hoop (say an area of 10 square feet). Experienc _ 

* Tin's is the method arrived at after discussion with the 
Rotharasted. t The point selected win ho at the circumference of the noop. 
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*>iown Ihit KS loRR u pfr»on»l Viii not vnUr inJo th^ wlect>nn of »amphf!i 5 nniU 
«e pfl Mtiifartory rcsnll*, and fho alwrc nrtl.od fliminalri locfi a Jua« Hy tnalyaL* 
of T*rianf« of yjfidi. wc tnar Kparato the •amplini; ranarco from rarianr* duo to 
•hotwwn fifld*', and jndpe the aderiuafy of tamplinp The number of field* n to be 
aimpied in a Irealitr coniiitent orilh a atandard of accuracy deaired can be calculated 
by the uiual formula : — 

S'y/n wmx (Where S it S D. and * the atandard error to be attained). 

If for example field to field atandard deriation tn a comMcl area l-e of an order 
of twenty per cent, of the mean, then to attain a itandard error of two per cent, 
the number of fieldi required, it pot from the equation . — 

^f^mm 2 which five* n m 100. 

A hundred fieldt are therefore neeeaaary on thia ba*ia, m a fairlv compact area, to 
attain a atandard error of the mean of two per cent, or if we' are aatiafied with 
an error of four per cent., the nnmlwr of ficlda needed would be twenty-fire only. 

Condition Fottet. — The tonitiuon factor repreaents the ratio of the current cron 
to the normal crop and the normal yield per acre haa been ofGciallr defined to be ’the a\er- 
ago yield on average toil in a year of arerage character*. Hero it'is that there are pitfalls 
aa With inexpeneneed reporter* a lot of biaa ia poasible in grading the fielda according 
to their fertilitr. The primiry reporlera report the yield as to many 'annas’ of a 
normal crop, and the w<i(>hed arerape of these is struck for the district'and ercntnally 
for the pfocinee. The ayjtem of ’Anna Estimates* is b.a»ed upon the idea that yields 
ahould be expresicd in iixleentha of the normal and that aa a rupee containt sixteen 
annaa a crop might be put down aa to many ’Annas* crop The origin^ intention 
wta that a lixteen anna crop iheold represent the normal, but aa it was found that 
Tilbge opinion regards a sixteen anna crop as a first class crop, in most provinces 
the nonnil cron u now equated to twelve or thirteen ennas The aceurecy of this 
•yitem obviously depends upon the intuitive skill of the primary reporting agency, 
firstly in eometly picturing a normal crop and secondly in visnaliiing a comet 
marking for the particuiar crop. Hut if the reported seasonal factors for a luffi- 
clently long series of years correctly represent the rendition of the crop m those 
years, the average of those figures cannot differ appreciably from 100, representing 
the normal crop It has, however, been found that this is not the case, and hence 
it IS necessary to correct the seasonal factor by the formula — 

■ ineorreeted Sensonal Factor X 100 

The corrocteil Seasonal Factor = Average of the uncorrected for a eenes of 
years (say 10 years). 

Suggtttiant hr Verifying the Final Feumatc*. — Besides, the grading itself of the 
anna estimates has not so far been tested to see whether it secures a correct average : 
in Madras, for example, the grading followed used to be — 

16 as to 13 as/12 as/11 as to 8 as/7 as to 4 as/and, 2 as tu 0 as 

It would be necessary to examine, on the Imsis of actual figures of aunv estimates, 
taken for a sufficient number of random samples, how far such a grading is accurate. 

Apart from rigorous statistical tests tr.it must le undertaken periodically to 
verify and improve the accuracy of the various factors tint enter into tbe computation 
of forecasts and final estimates of yield, the final estimaies nay be subjected to a 
scrutiny by independent means If, for example, the statistics of the internal trade 
of a country combined with export and import figures are available, as they .nre now 
in India, then the only other factor that would account for the total produce would 
be eontumjitxon for which estimates might be worked out. Obviously there are 
difficulties for estimating contumj-Uon in the case of food crops. But in the case of 
non-food crops the methods of estimation are simpler The Indian Central Cotton 
Committee have been publishing fignres to show the extent of discrepancy between 
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the final estimates, and the figures worked out on the basis of consumption and net 
May lOT) following method adopted by the Committee may be of interest [I.T.J. 


Riw Cotton* Posmov in Indt^ ron tzkr ending 31st Auodst. 



1936 

1935 


Thousand 

Thousand 


bales 

bales 


(400 lbs. 

(400 lbs.) 

Exports. 

3,826 ] 

3,115 

Home consumption (in tnllla and including extra* 
factory consumption, which ia a convention- 
al estimate) 

3,428 

3,362 

Approximate Crop* • . . . . 

7,254 

6,477 

As estimated in the final forecast . 

5,933 

4,857 

Excess . 

+ 1,321 

+ 1.620 

Per cent, excess about 

22 per cent. 

33 per cent. 


•(Carry-over from one year to another is not taken into account, as complete 
infonnatioa of stocks is not available). 

It is thus seen that with more information that may be obtained with regard 
to stocks, accurate information is possible to know the extent of discrepancy between 
the two methods. 

The other method of verifying the forecasts and final estimates— by far the most 
satisfactory method'— is by a continuous process of sampling observations on difierent 
factors of plant growth (such as tillering, short number, etc.) and correlating them 
with the final yield. Such studios are now being osefnlly undertaken by the Agri* 
cnltuml Meteorological Section of the Imperial Conncil of AgricuHural Research, nod 
need encouragement. 

The correlation of meteorological data with the yields is another piece of nseful 
research that should be extended to all agricultural stations, which would >enfy 
the crop forecasts and final estimates. Some work has already been done by the Agri* 
cultural Meteorological Section of the Imperial Council of Agricultural Research, and 
this should be elaborated. The Imperial Council of Agncullural Research might 
undertake a general statistical examination of the methods of crop estimation by 
the various methods suggested above. 


Methods ron the Collection or Ac»iccLTi;n*L Stahstics. 

(b) Enlargement of the ttOpe of the data. 

From the nature of the statistics collected at present (given in the Introduction) 
it is seen that there is need for widening the scope of the 'present data. Thus the 
Tinmber of Crops for which forecasts are issued at present is ten only, and it seems 
neeessarv to increase this number to as to include crons which are importiint from 
rhirS./t of view of internal movement. lor example, food crops Ijko Barley, Jowur, 
' 1 Alnizo are omiUed from the list; and so also arc gram and tobacco, which arc 
11 from the point of view of movement from one province to another, 

^l-import occ^yine important places m International Trade, for which, 

,t"its ic not issued. The list of forecasted crop, thus need, a revision, 
too, fonicas ^ (orccasts issued for each crop ha, also to be revised; thus 

and cedton now have fire forecasts, sugarcane hw only three, and juto 
while , reoflircs an examination to tee whether from the point of Yiew 

only ttco. This trade this list esnnot ho revised. The lut of com* 

rood^Us toclSfd m the supplementary Ublcs of ‘ftlimates of Area and Yields' 
Sso* needs a revision 
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IliCt StatuUci . — The publication of price* of agricultural commodities at chief 
markets in each province from lime to time (say weekly) is necessary and important 
from tho point of view o! the agriculturut. The All-India publications dealing with 
prices are the weekly ‘Indian Trade Journal', and also ‘Wholesale Prices of Certain 
Staple Articles of trade at Selected SUtions m India* issued quarterly. An exami- 
nation of whether the list of agncnJUiral commodities for which weekly prices are 
issued, and also the list of markets for those commodities cannot be widened seems 
necessary The sources of information for obtaining the pnces need abo an 
examination 

The method of computation of harvest prices published in provincial and Season 
Crops Reports {and long after the doe date ra 'Agricultural Statistics) needs 
scrutiny. 

Itaxluay and Sta FrtighU for Agrieullurat Commodities — To the agriculturist and 
the trader the publication of railway and sea freights from, centres of produce 
to the chief markets, from time to time would be very helpful The list of com.- 
modilie* and the centres for which freights should be published should also be 
examined, and such statistics might well ^ published in the Weekly Indian Trade 
Journal 

Agricultural 5<q(m<ic 4 — The scope of the data published in 'Agricultural bta- 
tistics’ (Vols. I and II) should be examined with a view to see whether estimates 
of yield of the various crops cannot also bo included, though it means a duplication 
of the data in ‘Bslimales of Area and Yield of Principal Crops m India'; but it 
will give in a tingle publication all that an agriculturist needs Computation of the 
area figures (such as of culturable waste other than fallow) has not been uniform 
in all the provinces, and tome sort of unifonnity should be attained by a critical 
examination of the whole question The volumes are already bolkv, and it needs 
an examination to see whether the size cannot be reduced But these publications 
would be useful, only if the publications came out quick enough after the year to 
which the daU relate. 

OlAef Publications of the Director General of Commercial /nfeWiyenee and 
Statistics ““An examination of the scope of iho data included in 'Statistical Abstract 
for British India' is necessary > 

Tho publication 'Quinquennial report on average yield per acre' does not serve 
much useful purpose, as these data by provinces are included in the 'Estimates 
of Area and Yield of Principal Crops in India', and as the data of individual 
districts are included m the provincial season and crop reports 'Accounts relating 
to the Coasting trade and narigalion of British India' and also 'Accounts relating 
to the Inland (Rail and River bomet Trade of India' should be examined to sec 
whether more crops cannot be included 

Special A<7ricuffuraf Publications — Special Supplements to the Indian Trade 
Journal issued periodically such at ‘Statistics of tea, robber, coffee and tobacco’ 
might as well be published by the Imperial Council of Agricultural R«*earch, though 
tho Director General of Commercial Intelligcnee and Statistics always consults them 
regarding these publications The advantage will be that matters of agricultural 
interest may also be included, and that the publications may iisnc more regu- 
larly 

If all these publications should he really nsefol, they should all usoe 
pretty quickly after (he dates to which they relate The actual dates of issue should 
be settled m consultation with (he Director-General of Coicmercia] Intelligence and 


SCMUSRT. 


(1) The various publications dealing with Agricultural Sutistics of the Director- 
General of Commercial Intelligence and Statistics should he examined to see whether 
the scope of the data included cannot he widened, and whether the sue of the publica- 
tion is at a proper level It is necessary (hat all the publieationa should iune^nr,>«fv 
quickly after the dates to which they relate. ” ^ 


(2) Methods of crop-forecasting are discussed in detail; and methods are ea?-»fted 
for impeoring them. ** 
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APPENDIX. 

Dj'«/ 01 or ab}ut u/MeH thi AU^Iniia Foreeaitt of Cropt art isixiti 6y iht Deparlmtrd of 
Commtreial InteUigenct ani Statistics, India. 

Jtict— 


Ist forecast 






. October 

20 

2nd forecast 






. December 

20 

Final forecast 






. February 

20 

UTieat — 

let forecast 






. January 

31 

2nd forecast 






. ifareh 

15 

3rd forecast 






. April 

20 

4th forecast 






• May 

30 

Final forecast 






. August 

10 

Sugarcane — 

1st forecast 






. August 

20 

2nd forecast 

Final forecast . > 






. October 
. February 

20 

5 

Colton — 

1st forecast 






August 

15 

2Qd forecast 






. October 

15 

3rd forecast 






. December 

15 

Final forecast . . 

. 





. Febnmry 

15 

Suppleaeataiy forecast 
Jute-^ 






. Apnl 

15 

Preliminary forecast 






. July 7—15 

Final forecast 

. 





. September 

21 

Z/inseed, Hope and Mustard-^ 

1st forecast . , . 






. January 

1 

2nd forecast . . 






. Jfareh 

15 

Final forecast 

. 





. June 

1 

Sua-num (til or jinjili)— 

Ist forecast 






. September 


2nd forecast 






. October 

20 

Final forecast 






. January 

15 

Supplementary forecast 






. April 

20 

Castor Seed 






. February 

20 

Groudnul — 

Ist forecast ' . . 






. August 

20 

2nd forecast 






. October 

20 

Final forecast 






. February 

15 


*E#limates of Area and Yield of Principal crops in India’, contains ■Snpplement- 
ary tables Area and yield ot barley, jowar, bajra, cia«e, gram, idbscco and indi^ 
in each province. 


ANNEX0EE II. 

L 

Copt or a sore dited the 30ni Jcj<b 1957, bt Da. W. Bchns, Orro. AcBicuj.TnnAt 
ExPEHT, iMPtawt CocNcn. or ActucctTtrsAL RBSwnor, kegibwxo iMpaornsct-VT 
or Aceiccitcjial Statistics. 

Cotton.^'Che Indian Central Cotton Comniittce in 1933 formed a Cotton Forecast 
ImproTement Conunillce which has met once or twice a year since then and which 
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has gone over the coUoa statistics and made saluahic suggestions Still more impor* 
tant ts the Bombav Cotton Forecast improsemcnt scheme whereby, on the recommends, 
tion of the Cotton Forecast Improvement Sub-Committee, the Indian Central Cotton 
ComtniUee sanctioned for the Dombay Presidency for n period of two years, in the first 
instance, a scheme providing the and other charges of an experienced whole time 
officer for efiectmg improvement in cotton forecasting work carried on in the office 
of the Director of Agriculture, Poona. This scheme started work on 16th June 
1934 The Scheme was extended by three years taking it up to 15th June 1939. This 
scheme has already detected and rectified several sources of error t.g., different stand- 
ards for a normal crop in terms of annawari, utilisation of standard yield of adjoining 
British Districts as the standard yields of certain States, lumping together of irri- 
gated and ummgated eropsjind the utilisation of standard yields fixed 30 years ago 
In addition, the Indian Central Cotton Committee financed an enquiry in all provinces 
in the amount of cotton utilised for domestic jmrposes throughout India such as 
handspinning, making of qoiHs, mattresses, cordage, etc. This is just completed. 

TTAeat and Hitt . — ^Tbe first meeting of the MTieat Committee appointed by the 
Imperial Council of Agricultural Research was held m Simla on the IDth and llth 
July 1936 and the improvement of statistics of wheat production was taken up as one 
of the main items for discussion The Chairman — Sir Bryce Burt — suggested that local 
Governments should be invited to nut up definite proposals for improving the statistical 
• ■■ganisation As regards standard yield, the Chairman said the only way to remedy 
the present defects was by an adequate number ol careluUy planned randomised crop 
cutting experiments. A method that had been devised by Mr. Allan m the United 
Provinces and developed on the advice of statistical experts including Mr. Yates of 
Bothamsted, was considered to be capable of giving a fairly accurate measure of yield 
A aunilar subject was taken up in the Rice Coiunittee of the Imperial Council of 
Agricultural Research in January 1937 when the necessity for crop cutting experiments 
was emphasised and as regards area figures, the suggestion that had also been made 
at the ivheat Committee in favour of a sampling survey was desirable. Mr. Sethi, 
Director of Agricnltuce, Bihar, stated in connection with jute how be bad recently h^ 
a survey made with the help of 30 Amms, 3 Inspectors and a Revenue Officer who 
covered the whole of the Jute area in Purnea within 7 weeks and found 300000 
acres of jute as against 1,20.000 acres. In conclusion, the Chairman’s suggestion 
for the adoption of a 10 per cent random sample survey for ascertaining crop areas 
under nee was approved As regards yields, m addition to crop cutting, it was 
decided to take into account yield figures obtained on demonstration plots and on 
village plots (trials made under the Agricultural Department’s auspices m villages). 
Mr N. C. Mehta specially emphasised the value of air surveys 

Jiugorcane.— This matter had been discussed at the Sugar Committee in July 1935 
and again at the Sugar Committee in 1937. Crop cutting experiments were again 
recommended and local Governments accordingly addressed 

/ute — The question of area came up very prominently in the first meeting of the 
newly established Indian Central Jul« Committee and money was set aside for the 
carrying out of a survey I understand that the actual method of carrying out this 
survey is likely to be modified as a result of certain criticisms and suggestions by 
Professor Mahalanobis. 


Tohacco —On the recommendation of the nd hot Tobacco Sub-Committee (SepUmber 
1934), efforts have been made to improve the statistics of production of tobacco in the 
Indian provinces No programme for the improvement of the actual methods of 
estimating areas or yields was laid down but arrangements have been made for 
reports from provinces regarding area, estimated yield and the condition of the stand- 
ing crops, well in advance of the annual returns submitted by them to the Director 
General, Commercial Intelligence and Statistics for the purposes of the Estimates 
of Areas and Yield Arrangements have also been made for reporting the areas 
under the two mam kinds of tobacco cultivated in India 


GentToI.— 1 think we shall not get fnither forward until there is appointed in each 
province one statistically qualified officer whose business it will be to apply methods 
worked out in collaboration with Professor hlahalanobii which will be statisticaUr 
sound and capable of adaptation throngbont the whole of Indio. These methods wiU 
have to deal with : 


(1) the checking of area, 

(2) the establishment of corrected standard yields. 

The checking of area ought to be accompanied by a lut of the varions causes of 
incorrect reporting of area The officvr-m-charge of the improvement of cotton 
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forecast in the Bombay Presidency has found quite a number o/ waj-s in which even 
is » leaporanly settled province areas are ■wrongly reported. These faults can easily 
be remedied if knom}. As regards standard yield, an important point insisted upon 

in one of the discussions by oar own Staiistldan — ^Bao Babadur M. Vaidyanathao 

is the definition of the area to which a standard yield shonld apply. Such areas wilf 
differ in different proTinces and from part to part of the same province and need 
not be simply revenue Districts as at present. The irrigated and unirriffated crops 
of the same kind 'wiU obviously need lo have different standard yields. There is no 
reason, it seems to me, tThy the sampling survey for area and the standard yield 
crop cutting eitpenments should not be carried on fay the same agency. As regards 
the seasonal factor, it seems to me that this has to be watched and recorded throughout 
the season by trained Qbser\*er3 on the spot. The observer would again have to be 
the village officer bat he ought to be given throughout the season postcards similar 
to those used by the honorary observers for the •wheat survey in Canada earned out 
bv tlie Winnipeg Free Press, so that as each month passed he conJd iudicato clearly 
wbat factors had affected the crops and to what eiteat he thought the crop had been 
affected. What we need, then, it seems lo me is — 

(1) the working out of a correct doctrine by Prof. XTahalanobis, and 

(2) the employment of at least one officer in each province who would be charged 

with the carrying out of this doclrioe, also the employment of the staff 
necessary for area sampling surveys and crop cutting experiments. 

In addition, it might be worth whJe utilising aerial surveys for the checking of sampl- 
ing done on the ground. 
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APPENDIX VI, E. 
Agticalhmtl Statistics. 


• (A. II. LIVINGSTOKE, AffricuUural IHarletinff Adiistr.) 

Crop Stattalics in India arc pnbluhcd by the Department of Commercial Intelli- 
gence and Statistics in two pnblications : — 

(1) Estimates of Area and yitld of Pnuetpdl Crop* in Indta. ("The Estimates"). 
This publication gives acreage and outtuni of important crops only for those British 
Provinces and Indian States for which forecasts are made. 

12) As^icvUurol Stalishet of Indta. (•‘Agricultural Statiitica"). This 5s published 
in two volumes (Vol. I dealing with British d’roMnccs and Vol II with Indian States! 
and contains statistics relating to area only It is however a more authentic and 
detailed publication and gives also district figures. 

For reference purposes 'The Estimates' publication is found more useful as it is 
published about a year earlier than the ‘Agricultural Statistics' , it contains statistics 
for 10 years while the other publication gives only 5 years and it also gives outturn 
statistics which are not included in the other volumes. 

The suggestions given below are designed to make "The Estimates" publication 
self-contained and more useful as a reference book without aBectiug in the least its 
volume or the time taken in its preparation. Ihe first three of the following sugges- 
tions refer to crops in general and th« next three particularly to rice. 

(1) In the tables of Area and Yield of ‘The Estimates' corrected figures might 
be given for the previous nine years for which accurate data have become available 

For example in the lotroductoiy note to 'The Estimates’ it is stated, that "the 
tables of this volume are compiled from the data given in the final forecasts" with a 
footnote to the eSect that 'the final forecasts figures are subsequently revised when 
fioally adjusted figures are available and these adjusted figures are utilised as far as 
practicable'. But m a good many losUnces etatistics of past years published in ‘The 
utiinates' are found to differ widely from those appearing in the ‘Agneultunil 
StatUlics*. This will be clear from the following table .— 

Arta under rtce [thousand acres) 

United Provinces. Baroda State. 


From From 

Year. From “Tlie ** Agricultural From ‘‘The "Agricultural 

Estimates ’’ Statistics ” for Estimates ’’ Statistics ’’ for 

for 1935-36 1929-30 to for 1935-36 1039 30 to 

1934 35 1934.35. 


1925-26 
1026-27 
1927-28 
1923 29 

1929- 30 

1930- 31 
1931 32 
1932-33 

1933.34 

1034.35 

1935.36 


7,417 7.450 

7.437 7.471 

7,266 7,298 

7,024 7,057 

6.814 7.848 

6,722 6.844 

6,555 6,677 

6,140 6.202 

6.980 6.102 

6.437 6.559 
6.613 Not avoiljblo 


174 206 

194 223 

207 210 

201 200 

192 207 

212 260 

232 261 

226 238 

225 231 

228 223 

206 Not available. 


It will be noted from the above table that the forecast figures are not revised 
in the light of the data puhfishcd in ihe ‘Agncultoral Statistics'. 

(2) The corrections incorporated in acreage should also be made in the total out- 
turns This can be easily done with the help of the yield per acre figures which 
are published m the same publiiation (“The Estimates") 

(3) The acreage ond outturn of crops for those tracts for which forecast* are 
not prepared might also be included in the proper tables in order to make the all- 
India totals complete At present the statistics of the latest two years for such tracts 
are given in the introductory note, but as they do not appear in the proper tables, 
they ore m most ca«c$ left out of consideration For example they are not included 
in the International Year Book of Agricnltural Statistics. Another advantage of 
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forecisi in the Bombay Presidency has foonj <)Qtte a number of ways in which even 
in a temporarily settled province areas are wrongly reported. TTiese faolts can easily 
be remedied if known. .As regards standard yiSd, an important point insisted upon 
in one of the discussions hy oor own Statistician — Rao Bahadur if. Vaidyanathan — 
is the definition of the area to which a standard yield should apply. Such areas will 
differ in different provinces and from part to part of the same province and need 
not he simply revenue Districts as at present. The irrigated and nnirrigated crops 
of the same kind will obviously need to have diRereat standard fields. There is no 
reason, it seems to me, why the sampling survey for area and the standard yield 
crop cutting experiments should not be carried on by the same agency. As regards 
the seasonal factor, it seems to me that this has to be watched and recorded throughout 
the season by trained observers on the spot. The observer would again have to be 
the village officer bat he ought to he given thmnghout the season postcards similar 
to those used by the honorary observers for the wheat survey in Canada carried out 
bv the Winnipeg Free Press, so that a? each month passed he conld indicate clearly 
wiiab factors had affected the crops and to what extent he thought the crop had been 
affected. What we need, then, it seems to me is — 

(1) the working out of a correct doctrine by Prof. Sfahalanofaig, and 
(2j the employment of at least one officer in each province who would he charged 
with the carrj'ing out of this doctrine, also the emplojonent of the staff 
necessary for area sampling surveys and crop cutting expenmeaU. 

In addition, it might be worth while otilUfng aerial surveys for the checking of sampl- 
ing done on the ground. 
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APPENDIX VI, E. 
Agncnltaral Statistics. 


• (A. M. LIVINGSTONE, AffrictiUvnl SfarJctting Adiuer) 

Crop Btatistics in India arc published by the Department o£ Commercial Intelli- 
gence and Statistics in two publications . — 

(1) Estimates of Area and yield of Principal Crops ttt India. (“The Estimates”). 
This publication gives acreage and outtam of important crops only for those British 
Provinces and Indian States lor which forecasts are made. 

12) Agnevllural Statistics of Indio. (“AgricuUutal Statistics”) This is published 
In two volumes (Vol. I dealing with British d’roMnces and Vo! II with Indian States) 
and contains statistics relating to area only It u howeser a more authentic and 
detailed publication and gives also district figures 

For reference purposes *Tfae Estimates* publication is found more useful as it is 
published about a jear earlier than the 'Agricultural Statistics'; it contains statistics 
for 10 years while the other publication gixes onlv 5 years and it also gives outturn 
statistics which arc not included in the other volumes 

The suggestions given below are designed to make “The Estimates” publication 
self-contained and more useful as a reference book without aflccting in the least its 
volume or the time taken m its preparation The first three of the following sugges- 
tions refer to crops in general and the next three particularly to nee. 

(1) In the tables of Area and Yield of 'The Estimates' corrected figures might 
be given for the previous nine years for which accurate data base become available. 

For example in the introductory note to ‘The Estimates* it is stated, that 'the 
tables of this volume are compiled from the data given in the final forecasta” with a 
footnote to the effect that 'the final forecasts figures are subsequently revised wbes 
fioally adjusted figures are available and tliese adjusted figures are utilised as far aa 
practicable'. But in a good many instances statistics of past years published in 'The 
^timates' are found to difier widely from those appearing in the 'Agncnlturoi 
Btatiitics*. This will be clear from the following table — 

Am under nee {thoutand Orre*). 

Unitod Prosinces. Baroda State 


From Prom 

Y’oar. From " Tlie “ AgricuHurtil From ••The '* Agrieultiiral 

^timaW'* 6lalisti<?i ’■ f.»r Kstimate* *' Statniicw *' for 
foe 1035-30 1929-30 to for 1035-30 1929 30 to 

1934 35 1931 35 


1025-20 
1020-27 
1027.2S 
1D2S 29 

1029 30 

1030 31 

1031 32 
1032-33 
1033 31 
1031-35 
1035 30 


7.117 7 tV» 174 

7.437 7.47J 151 

7.260 7.29H 207 

7«2I 7.1157 2fil 

6.S14 7.MS I5J 

6 722 ttMt 212 

O.-'r'VA <1677 232 

6. 1 <9 0 262 2-0 

.5.9*^ 6.H'2 225 

0.437 6 559 22^ 

0 013 Not aiaiUt.'n 2i>0 


It Witt N noted frem the slmr talU flat the forrrsst fgum 
In the licit of the data pullie’nd ic it>e Agricultural f-tstistii-s' 

(2) The coircTliflni in'orjvralej in srrrace sliuuld msde ir 

turn* Ills <wn (.e rsrlll dnie with Dm- brip of tbe tl-ld {tf-r scr 
are I'ulliibed in tie tar-e jiullxalion | 1 l,e l.»ti’r>*e* I 

(5) The serrspe and outturn of fir lli.e- ire t» fie wl r' 

not J »Tf.4iTJ r-icU sImi l-e in lud J in il.e |ni*r t»t n r t 
llidis t»''sl» rx'O j tele M jrv'.’t t*.e »tati»tirs tf tie lsV»t two jrrira 
are fueti in llir intro “i •*.» rj j>e. . I tt iImj d> t»-«t s{j<“ar j-i t*' 
they are in hkuI r*er » !< ft « -t « ‘ ro*»i Iraliei I or l*eT t 

in the litrrrstio* Hi 3 1 »r r.«-V cf .\pnex.’t»ral S at >ti*« .Kzt-'^jrr 


200 

223 

219 
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2CO 

201 

231 

231 

223 
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fr-ife* wllfit 
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indading them in the proper tables will be that they will be shown for 10 years 
instead of two. 

(4) Regarding rice statistics the Pnnjab and the Jladras States of Cochin, 
Pndukottai and Travancore might also be included in the tracts for which forecasts 
are prepared. Both of these areas are important producing units with about a 
million acres under rice in each. The Pnnjab is also important from the point of 
view of inter-Provincial trade It may be added that the two areas referred to 
produce more rice than any one of the seven States or agencies at present included 
in the forecasts. 

(5) The Central Provinces States which are included in the rice forecasts, and the 
statistics for which are published in _ ‘The Estimates*, might also be shown with 
due details in the ‘Agricultural Statistics', as the latter publication is generally 
supposed to be more detailed and complete 

(6) There are some tracts for which reliable data is not available, e.y , the 
Feudatory States in Bihar and Orissa. The statistics for these States are not included 
in the all-India totals although their rice acreage averaged about 3 2 million acres 
during the last ten years. However estimates for them are given m the foot notes 
to tables of Area and outturn in 'The Estimates* In so far as the statistics for 
none of the permanently settled areas can be regarded as reasonably reliable it is 
suggested fhafi «ee date /or the Fead^toey States in Sihar and Onssa might eqasi}y 
well be included in the regular tables and id the summary remarks included in the 
introductory note to each volume. 



275 

APPENDIX Vn, A. 


3Iotes on Subject IIIjA review oJ work on the improvement 
' ol buUoek-drawn implements with suggestions for the 
future). 

iNOTE BY N G CHARLEY, Rtttarrh Engineer, AtjucvlluTat Department, 
Madras ) 

The earhest attempts at implement improvement seem to have been associated 
with the first Espenment Farms which nete lo existence m various Provinces 
lefcit the advent of the Agricultnral Departments, and appear to have consisted 
for the most part in the importation of the most popular forme of Western itnpie- 
anents, with little or no regard to their suitability for Indian conditions. The 
Madras Government, for examnle, m 1864. ordered from England a "stoim plough, 
stean liarrows and culthators, seed drills, horse hoes, threshing machines and 
winnowers, chaflcutters and water-lifts” for a Farm which was opened at Saidapet. 
But, except for a few iron ploughs of the more adaptable types which left some 
mark, the equipment was in no way fitted to the conditions of the country, and 
these early attempts were doomed to failure 

On the estahlishment of the AgT«cuUnral DepaHments in the early eighties, 
efforts in the introduction of improved implements began to meet with some small 
Irat definite reward. Attention was directed chiefly to the plough, for it was obierved 
that plough was, as it ever is. the essential implement to tillage, common, in 
some form or other, to all parts of India, and for the reason no doubt that the 
problem of the plough seemed capable of ench a ready solution in the immediate 
substitution of the modem iron plough for the indigenous wooden one 

The “Madras Mail" in 1834 remarked "Slowly but we hope surely the rode 
primitis'e implements with which the native ryot ha« been wont to scratch the 
surface of the soil, prior to planting it, are being discarded, and lighter and more 
effective machines are being introduced. Last year’s Agricultural Exhibition at 
M.idras did much good m this direction, and the result has been an extensive trade 
in the handv ploughs of which some specimens were exhibited Messrs Robertson 
Si Tktison, of the Government Farms, Saidapet, have many times attempted to teach 
native atmculturists that it would be to their advantaire to substitute the Swedish 
-plough for their old fashioned Indian implements The<e efforts have been, so 
far. fairly successful, and we were pleased to hear recently that, in con<equeaco of 
the many orders for ploughs, the trade has been made over to JTessrs Ma«sey 4 Co , 
of the Napier Works, Madras The firm now employs about 300 men. and is pre- 
paring for the execution of Urge orders for plough's and other improved agriOTl- 
tural implements in their new works There are already about 400 ploughs, manu- 
factured during the year, at work in the Presidency” 

This account is interesting not only as a reference to some of the very earliest 
progress in the introduction of improved types, but in its recording of what must 
"be one of the first attempts, if not fbe very first, at organi<ed manufacture in India 
of modem iron plongha • 


The Swedish plough referred to was one of a range of five iron mouldboard 
ploughs with short iron beam head wheel and double handles m.-ide by t)ie Oi-riims 
■Rmk Manufacturing Co , Sweden, and "selected for importation and distributed by 
Goxeinroetit of Madras” in 1832 Its price in Madras, was given as Rs 18 whol^ 
sale and Rs 21 8 0 retail, and it was de«cnl»e<l as "perhaps the cheapest and Tno*t 
efficient dough yet tned in Southern India ” It was first imported to Madras in 
1877 The four other patterns of the same make, ranging ,n retail price from 
Rs 27-8 0 to Rs 43. were .-ill described as strong n«efal implements the last end 
largest of them Wing "well adapted for breaking up bhek cotton soil in Belh^ 
district ’■ In addition to these Swedish ploughs, many others were imported and 
1c«‘cd pn the Saidapet Farm inrinding a large American plonch imported about 
ISTO and "eTtremely serviceable for all sorts of rough and difficult wo'k,” various 
sires and stvles of ploughs with poles and sbort 1-eams. by Jlansomes, Head end 
Jefferies, ranging in price from Rs 10 to Rs 43 the iron parts of the rms! 
being available at Rs. 6-80 wholesale, and the "D” plough of ifessrs. J & y 
Howard. Bedford, which could be made up in India for about Rs 20 * 
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la Bombay Presidfncy, we read io Ihe Annual Report o! the Director of A/jri- 
cullure for the year 18S3-&1 that a “new plough was brought out by Mr. Stormoai 
at BLadgaou" and that “Ino of Massey's improved ploughs have been purchajed 
by ryots. The Local Fund Board, Ratnagiri. have purchased several ploughs and 
other implements from Madras, Cawnpore, and elsewhere.*’ In the Annual Report 
for 1SS4-85, that "Messrs. Massey i Co., of Madras, ethibited, at the Show, some 
of their ploughs which are the result of careful ctperimenta on the 5.iid.ipct Farm 
in the direction of adapting English and other foreign ploughs to the circumstances 
of the countrj-.” "Tho cotton soil plough has since been used by Mr. 'NVoodrow 
on the College of Science Farm at Roona and found a very useful implement. With 
tnreo pairs of animals it broke up a furrow but the black sou still adhered 

to the mouldboard, a defect I hoped to get rid of after the first fen acres but have 
not yet succeeded ’’ '‘Three of Massey’s Swedish ploughs were purch.ised by ryots 
of Ahroadnagar district At Nev.as.a two are reguliriv used for g.arden bands ’* 
Again in the report for 1835-86, we read that '"i’he plough ohich Mr. Stormont 
made uj at (he works of Messrs. Bansomes, ffead and JefTenei, and which has 
been nimcd the "Rokra" after the farm, i« found very useful I bought 12 during 
the year with sp.are parts The cost landed Bombay' was Rs 30 a piece— n cost 
capable of great reduction if locally made The Bhavnagar and fJonduI State Sdiool 
Farms have each taken one for erponment and so haa-e the District T.ocal Fund, 
Sholapnrj four to }I\deml«d, and the re<l are used by the Hhadgnon Farm." *’Mr. 
^Yood^ow has worked a laige plough received from the Secretary of State of wiiicb 
the price is not known. It h.is a rotary mouldboard." This was probibly the first 
disc plough in India 

Tu Bengal, roferenre is mule lo an .\merican plough, modified under the direction* 
of Mr. Weekes, Collector of Purma. who states, "This is n very effective and hjjht 
plough. I base had it n.ide with one handle, (wo h.sndles being an insufferable 
tUnicuity with natives It is constructed in pieces so th.st nn.v picte worn out can 
be renewed." 


These and many simihir nden-mrs to be found in (he eaijy records of (he various 
provinces, mark what I think must be regarded ns the first important steps in (he 
march of implement improvement. 

The Introduction of ihe mo<lem all iron mould l>nnril plough might he regsrded 
«K a revoiutionarv change rather than an improvement m the strict reuse of the 
word, and so indeed it was There seirms to have been no marked evolutionaer 
sU'^e' between Iho old form and the new. (hough there are manv e.irly references 
to ‘""improved country ploughs" with crude iron shares or mould lioords stuck on 
in some fashion to the wooden plough liody. Such notion* Jong pi-rsisted in Ihe 
Piinds of inventors and there are not a few who kirliour them to day But the 
change had Iwen made with little resort to intemirdiate form* and Iwcame n.ure 
firmly estallitheil from year to year. 


Though ploughs came in for most attention, it was apparent that other irdi. 
cenous implements like hla«le harrows, cultivators and seed drills, were murh ii 
need of improvement or replicement by something better, and In rich rase. a« with 
thf-plfluch, Ihe situation was met by the importation of the latest l.'T*' <'f tVes'ern 
implement. Thus we tee the e.vrfr Farms and Eiperiment .St.-ilinns efjtiirpe.l wilh 
su'h impbmenl* as Cambridge roller*, wheeled niUiv.ator«, disc bairow*. l^rge seed 
drills AU‘1 other he.vw and etpeneire horse-drawn implemenls Tint the evTiv 
authoritie* ever believeil tint «och implemenf* might eventually }-e im'V.Mr.l or made 
in the country and pre««riJ on to the farmer, it is Urd to imigine. tbwi-h li wwsfd 
almost BPi'eat eo for the practice of ioiportinc them I'sesuled for miny >e.ir* The 
intention TUiv haie l■'•eu to cvperimfnt wit** a ii«w to fh-* mo lifiri'ir-i »d IV.* 
rieriev* (o fit I'^vl conditions, or wiom likely. I think, for the p'ir»im pf leMer 
fanning rn the Oovemnent Farms, improved Implement* nf rome kind were fotm I 
rs*cnUal. and tlie*e were the p-o«t reidilv available There is ro d ’id I they were 
rij'vb'e *nf ilcing good work Bot, whitever the idea, it is reriain that irmh ini'le- 
M.nt* were nmte urfilte-l (o the re^alrerrenl* of el e Indisn farmer .1* an Inhn 
w-'ter eaut'icsllv remarke.! : "Tlie astempt* In intro lure any of them Into general 
»d^rt'''n powel a failure, a"cl Iwrond a few dilapidated relmi'm OiTerrment Farm*. 
(Vfre 5* li'tle left to tcmin! «* of lies* alfempt* Th* idei was tn work from (he 
trp jt'WtiwiT’!*. (o have a Ccntnl Farm, train Fn?l»*h e’l irate 1 Indian*, an I h'-p* 
(ha* ewl’j^’enmen* wnall travel into the Interior to the silh/e rvol. an Idea wh'ch 
lii'Vil) t''’"? to tl"* t'np heap in the way of t*'rte »ere»j|,!.. implemenfs." 
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On llif ^oo^p^nir^^lon nna expanMon of tb* departments in 1905, pro(;rc*8 in tho 
intiodiiction of improNcd implements was j^atlr acccJcralcci, thougli the path of 
projnc's continued to he marked with little else than iron ploughs _ Ransomes 
tuTOViresl ploughs were among«l the first to hccome really popular pacliculatly in 
the r)eccan district* of Ilombay. These were followed in sarious parts of India 
hj the ■•Sslnil,” the "Mon-oon" and •Mat”, and other well known types by the 
fame m.iVrrs. jmpul.sr tji>es hj other English and American makers, and simi'ar 
jiioductions of Indian mannfactwre hv Messrs Kirloskar Itrothers. Bum L Tom- 
psny, and later by >Ies*rs Cooper Engineeriog Works, of Satara Stocks of ploughs 
srero taken into the deryifs of the Airrmnltnral Departments and held on consign- 
ment for sale to farmer* Demonstration of implements became one of the regular 
items in the programme of district Work 

Aorlcultural engineer* were appointed in a few of the Brovincci, but whatevee 
their achievements in other directions. I think it is not unfair to say that they 
wrouphl little impro>cment m the implement* and machines of the country. Though 
it ws* intended, mi doubt, that their attention ahonld b* directed to the studv and 
improxement of implement*. I Wliese 1 am right in -axing that, in mo-t cav>s their 
Bctivitie- xxere nssoeisted principally xrith pumping and boring and that much of 
their time was dexoted to matters connected with the msmlenanee of elaborate 
■\Vrifem implement* and farmxard machinery, xvater -upply and dairy plants, the 
construction of roads and buildings, and gene-al estate xvork. They xvero burdened 
with many jobs out-ide their inleniled provnice. and mo-t of them, na doubt, were 
arilhont proper facilitie- for re-earch on implements Whatever the reasons, it is 
certain that the implement problem xxas not tackled from the right angle, that Is 
Iron, the bottom up'xarda working from elementary forms towards modern 
stsnderd-. taking care to preserve such e— ential fundamental qualities as lightness 
■of draught, aimplicity, robu«tre«s and low cost This is not to sav that radical 
chances in de-tgn are not permts«ible They are permi-sible and a solution of soims 
of the implement problems may demand ’them— the mouldboard inversion plough 
i* an example— but they mu<t be annlied with caution and a full understanding of 
lb* conditions to which they most be adapted 

With all the •hortcomings. however, the labours of the early xvorkers on imple- 
ments were bv no means xxbolly in vain Ox-er a long period, with many handicaps, 
tliev laid a rough foundation xvhich has l>een of great value to those who hax'e 
followed If there i- one thing that has been brought home to pres-nt day workers. 
It 1 - the fuiilitv of attempting to foist standard We-tern implements on to the 
coiintrv xxithont'a large measure of modific.ation to adapt and fit them to the very 
different conditions of its agriculture, though there are perhaps one or two 
except ions 

Dittle advance xvas made xxith eultixators. harrows, rollers, drills, ridging 
ploughs. *coop- and other*, though many sues and tvpei were imposed over a period 
of manx X'ear* A few in each of tbe-e Ivpes were imoorted annually bv the various 
•agent* and sold to large land owners and to the .Agricultural and Military Depart- 
•meiits for U«e on their farms But. in their Western forms they were nnsuited 
to Indian ciir’ditions. and little could l>e done to .adapt them and brini them within 
the reach of the axerage farmer Some tx-pes, of course, he had minxged to do 
xvithout for centuries, and the functions of the others were served «uffi"ientlv x-ell 
for h.- cuidc purpo«e by the two or three of hia axxn indigenous implements So. the 
prospect of inducing him to adopt additional types xvas never a bright one, as indeed 
it remains today This brings ns to the question of single or multiple purpose imol*. 
ments on xxhich I have something to sav further on 

There xvere a few simple designs of cultivator* and harrows evolved m the 
country by tho-e who better understood the conditions and requi'ements and 
approached the problem from the right angle, and sex-eral primitive implements xvere 
Imported for study from other countries, but thev never attained any real popularity, 
So, we m\x-t be content. I think, to measure tho progress of the past almost wholly 
In terms of improved plouchs A variety of sorts ancl sizes were developed to meet 
the requirement- of the different tracts, and sales of imported and locsl makes, in 
-rll Provinces rose to a total of many thousands annually 

In B-ses-ing the value of past labours in the field of implement improvement 
much of the credit must be given to oveneas agricultural engineers, and parllcnlarly 
to one or two enterprising English firms who have from time to time gone to great 
pains and expense tn their attempts to cater for Indian reauirements Considering 
their remoteness from the field of operations, their hek of first hand knowledge of 
■eoBdifions and other disadvantages at which they have had to work, they hxve 
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do.M a valaaMe semce and hare desejTed a reward which 1 toime has cever 
rame to fhe^ Maor tare been the types and desipu eipresair developed tor 
Indian conditions, ai^ ii only a very tew of them have hit the mark, we are able 
to appreciate the difEcnlly ot the task and have learnt mnch ot vatoe from the 
fajlores. For what success they achieved, of course, thcv are indebted in no 

^aU measure to the men of the Agricoltural Departments and other services in 
India who have given them invaluabJe assistance bv their knowledge of local con- 
ailions and requirements. ’ 


In reviewing the past, I regret 1 can pay no great tribute to the Indian mann- 
factnrer Overseas makers opened the way for him. He copied their designs — there 
is nc particahar offence in this — bul he copied them badly He based his prices on 
the high costs of the imported articles out of all relation to his cost of prodnetion, 
and wag content to go on offering the crude*! product at the highest price with no 
pttempt at refinement of design or quality But thanks to local competition in recent 
years, his manufacturing standards have been improved and price? have been 
brought down to reasonable levels He is now the most important factor in the 
implement situation as it stands today. 


AN APPRECIATION OF THE PRESENT POSITIO.V. 

Turning now to the present, which may l>e assumed to embrace the last few years, 
the sifu.ation, 1 should s.\v, is characterised by a somewhat greater appreciation in 
nil quarters of the importance of agricultural engineering to Indian agricultnre, aad 
a better attention to the subject on the p,irt of AgricuUnral Depirtraents, by the 
services of the Imperial Council of Agricultural Reeearch in rarious directions, and 
hv the marked improvement in the quality and prestige of Indian made implements, 
all attributable in some way to the raluable recommendatious of the Royal Com. 
mission of 3926 These are all mo«t welcome changes and I think the outlook for 
the future is brighter than it has ever been but the path of progress is still beset 
with many diffienUies. 

The more one studies the indigenous implements, the more one has to admire their 
primitive perfection born, no doubt, of many ceniuries of deielopmeni, and coQsider* 
ing the crude conditions under nhah they are required to operate, how noaderfuUy 
well they serve. And the more one lea^l^es ho»' deeply rooted they have becomo 
in the lives and practices of tho farmers and ho?? very difficult to displace them. 
The real problem for the agricultural engineer in this country is not one of design 
nnd manufacUtre : tt is one of capacity and cost There arc no implements that 
could not be deiiscd to do the j'obs of (he Indian farmer provided ho had tho cattle 
to work them, the means to buy them, and the conditions to permit of their econo* 
tnual employment. But his cattle povter is so feeble, his purchasing poner so low, 
bis fields so sm.-ill and ill arranged, and hii intensity of production so terribly 
<lcpre8«ed, that, m the design and manufacture of implements for him. cssentiHls 
I'aie to be sacrified to meet each conditions What ch.ancr is there o! his using a 
0 inch plough that would re.ilK work his soil and "hat chance of his affording 
good quality "car resistant stccis* The design of modern implements to suit his 
conditions and his purse is a compromise in all directions and therein lies the extreme 
difficulty of it. The task of the ngricuUural engineer in India is to make one part 
Etrve where two served before. In advanced .sgn'calfural countries hi? task is 
lie-lgad al>out by no such con«ideralions and is relatively simple. I refer, of course, 
to the vast number of average and sobavcMgc farmers. Fortunately ?ve have our 
tracts "here higher standards prevail and conditions ore far more favourable to 
progress . 

I believe tint the modern revolution in agriculture in Western countries ha* 
been due more to new implements and methods of tillage than to any other single 
factor. It i« probably no exaggeration to say that a revolution could bo wrought 
in Indian ogricidtnro by the wliole«ale adoption of improved implements, but "e 
h.s\c no hope of attaining (his goal Or even ifistantly npproiching il until we e.ui 
effect a vast improvement in oar dnsught cattlo and in our soil*. This is the brick 
wall we are up .against; the re«t of the implement problem is relatively simple of 
(olution iTust a? most engines have a nartioilar speed at which they run most 
smoothly and economically, so most Implements have a p-iriicular sue nl which 
(hev do their be*t work. AVe are so mueh below this optimum sire in the grrat 
majority of our ploughs and other implements on account of our WTctclied draught. 
tiMinals* lint "c arc deriving only a soialt fraction of tli»' benefit thvt modem imple- 
tnerts are able to confer, in the ca»e of the smallest iron ploughs that are beiog- 
fold to the farmer, it is highly qaestiooaMe whether they present ary advantage 
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over the primitive wooden plough from the point of view of working efficiency, 
though they do present a saving in time and cost of cultivation Both types are 
little more than surface scratchera and qmte incapable of inverting a good furiow 
slice with a definite pulverising action. Taming a furrow involves a definite 
minimum measure of work and in onr emallest iron ploughs the share and mould' 
board ate totally unequal to the lash. What we should like to see is a widespread 
adoption of ploughs of at least 8" capacity, and allied implements of comparable 
capacity Then should we witness a new era in soil tillage But this is impoa 
Bible with our present draught cattle 

I do not infer that we should abandon the small iron plough in view of its 
iiooT working efficiency. It has its advantages as I have mentioned, and we must 
consider it from the standpoint of its educational value to the farmer m the dircc' 
tion of iron implements of the modem type, as a means, in short, of weaning hirt 
from his primitive wooden plough and acquainting him with the new idea. But 
^nr aim should be for larger and more efficient sues As we advance towards bigger 
ploughs of the order, let us say, of the Ransomes' "Victory”, which is known in 
most quarters in India, we are on much surer ground We really begin to do some 
work on the soil and arc rewarded with some measore of tilth We are still not 
able to make out an overwhelming case for the modern inversion plough, but this 
is due fai more to the deficiencies in the soil than deficiencies in the plough We 
have evidence of this in the tillage of garden lands with their more tractable and 
productive soils If we wish, therefore, to apply the modern mouldboard plough 
to best advantage, we most improve the cattle and we must improve the physical 
condition and the fertility of the soil And this applies, of courie, to all tillage 
Implements We have some soils in India which are highly amenable to modern 
tillage, a big majority that are difficult, and others that can only be classed as 
unploughable evcepl perhaps by powerful mechanical means It la not unu«ual, in 
countries like America, for the crop specialist to meet the engineer half way in 
the solution of a common problem Tons, when an implement or machine cannot 
adapted to a particular crop, the crop is adapted to the implement or machine 
'And 10 it must be m this country with (he draught cattle and the toil. It is nuite 
a fair request that the eogineer should be met half way, and yet I do not think 
it eccuri to many in this way Most authorities look to the agricultural engineer to 
work the miracle in implements in the face of the present impossible conditious 
t am fully conscious of the enormity of the task, but it offers the only road to a 
Teal advance in bullock power tillage 


Plant breeders and others, m the development of new varieties and syKtems of 
planting, should bear in mind the problems they might be brewing for the agri- 
cultural engineer and study his requirements How a naked seed m cotton would 
facilitate mechanical sawing, how short haulmed or bunch varieties of groundnut 
would aid the development of more efficient and economical harvesting implements, 
and, if the practice of mixed cropping could be given up or even modified, how much 
easier for mechanical sowing, for mtercultivation, and mechanical harvesting Such 
a suggestion is not at all fantastic or alieai] of its time in this country 


Let us consider the secondary implements of tillage like harrows nnd cultivators 
The indigenous forms vary comiderably, in (he diflerent parts of India, from the 
long single blade harrow thiougb intermediate forms with one or more short blades 
or a series of bladed or spike iiointed tynes to a peg tooth implement resemblin'; a 
lirge wooden rake The implements are composed entirelj of wood with the exe’ep 
tion of the blades or tyne points, which are of iron or steel and sometimes a few 

small iron fittings by way of reinforcement Such implements are capable of 

considerable improvement, by the introduction of steel pnrts m their construction 
to render them stronger and more durable, l>y the u'e of harder steel* for blade* 
and point* and other wearing parti, by the staggering of tmes to afford greater 
clearance for the soil, stream lining of shanks to reduce re*i*larce and wiile effort, 
by incorporating mem* of adjustment of blade or tjnie lutcli and working width, 
and by the provision of easily detachable and renewable wearing parts Ifere 
again the greateit difficulty is to keep the eo*t within the permis«ible limits «sd 
to retain simnlicity of design, hut. in the face of these difficuUiei. the problem 
U being tackled and ItnpmvemenU are being effected and sIowIt introdu'-^ 
Several simple and cheap designs o! steel toothed harrows and cnliivator* with 

wooden frames, and blade harrows of all steel construction, have J.eea evofred ij 

various Provinces and are being demon'tnted l.y the XVpir'menfs 

For inlercultivation of row erops, we have in the world rraoir-ed fire (vned 
all Steel expanding cultivator, best known lo this eouafry as the PUnet Joalcr 
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done a TOluable service and have deserved a reward which 1 imj.s«ie has never 
come to ttiem. Many have been the types and designs expressly developed for 
Indian conditions, and it only a very few of them have hrfc the mark, we are -vble 
to appreciate the .difficulty of the task and have learnt much of value from the 
failures. For what success they have achieved, of course, thev are indebted m no 
small measure to the men of the Agricultoral Departments and other services in 
India who have given them mvalnaWe assistance by their knowledge of local ton- 
dilions and requirements 


III reviewing the past, I regret I can pay no great tribute to the Indian manu- 
facturer Overseas makers opened the way for him Ha copied their designs — there 
Is no particular offence in this — ^bol he copied them badly He ba<!ed his prices on- 
the high costs of the imported articles out of all relation to his cost of production, 
and was content to go on offering the crudest product at the highest price with no 
attempt at refinement of design or quality But thanks to local competition in recent 
years, his manufacturing standards have been improved and prices have been 
brought doiTO to re.ssonable levels He is now the most important factor in the 
implement situation as it stands today. 


AN APPRECIATION OP THE PRESENT POSITION. 


Turning now to the present, which may be assumed to embrace the last few years, 
the situation, I should say, is characterised by a somewhat greater .ippreciatibu in 
all quarters of the importance of agricnlluTal engineering to Indian agriculture, .nod 
a better attention to the subject on the part of Agricultural Departments, by the 
services of the Imperial Council of Agricultural Research m various directions, and 
br the marked improvement in the quality and prestige of Indian made implements, 
all attributable in some way to the valuable recommendations of the Royal Com* 
jnf«8ion of 1926 These are all most welcome changes and I think the outlook for 
the future is brighter than it kas ever been, hot the path of progress is still beset 
with many difficulties. 

The more one studies the indigenous iraplements, the more one has to admire their 
piiiailive perfection born, no doubt, of many centuries of development, and consider- 
ing the crude conditious under which they are required to operate, how wonderfully 
well they serve. And the more one realises how deeply rooted they have bec’icno 
in the lives and practices of the farmers and how very difficult to displace them. 
The real problem for the agncuitnral engineer in this country is not one of design 
and manufacture : it is one of capacity and cost. Tliere are no implements that 
could not be deinsed to do the jobs of the Indian former provided he had the cattle 
to work them, the means to buy them, and the conditions to permit of their econo* 
roual employment. But his cattle power is so feeble, his putchaMUg power so low, 
his fields so small and lU arranged, and his intensity of production so terribly 
depressed, that, in the design and manufacture of implements for him, essentials 
bale to be s.icrified to meet such conditions. What chance is there of his using a 
0 inch plough that would reallv work his soil and what chance of his affo'ding 
good quality wear resistant steels? The design of modern implements to suit his 
conditions and his purse ts n compromise in all directions and therein lies the extreme 
difiiculty of it. The task of the agricoUoral engineer in India is to make one part 
serve where two served before. In advanced agricultural countries his task is 
hedged about by no such considerations and is relatively simple. I refer, of course, 
to the va«t immher of average and subaverage fanners. Fortunately we have our 
tract" where higher standards prevail and conditions are far more favourable to 
pi-ogrcss > 

I believe th.it the modem revolution in agriculture in Western countries has 
been doe more to new implements and methods of tillage than to any other single 
factor. It IS prolwbly no c.vaggeralion to sav that n revolution could be wrought 
in Indian agriculture by the wholesale adoption of improved implements, hut w# 
have no hope of attaining this go.al or even distantly oppro-iching it until we r.m 
effect, a va«l improvement in oar draught cattle and in our sods. This is the brick 
wall wc are up against j the rc*t of the implement problem is relatively simple of 
solution .lust ns mo«t engines have « particular speed at which they run mort 
smoothly and economically, so mo»t implements h.ave a p-irficiibr siso at which 
they do their best work. We are so much below this optimum sire in Iho great 
majority of our ploughs and other implements on account of our wretched draught 
tnhnals’ lh.at ave arc deriving only a small fraction of the Ijcnefib that modern imple- 
merts arc .aWf to confer. In the ca«B of the smallest iron ploughs that are being- 
sold to the farmer, it is highly questionsvble whether they present sny advantage- 
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ct-fr ftimilive iWocIj frt'rj i«nnl cf tiow rf worVinj 

thpafh Uirr do fw'Hl ft MTinj l*» titn* ftni ct»*l of ca1ti»»li''n IVoih iTf-"* ftf* 
I tlt» n"ro tli»n rarfif^ »n*i »jaUo infji>»1’» of liTrtlir^ ■ fnnow 

►I oo »ilh ft palTrJtiinjj ftrlion Tanung a finrur jn'rW''* ft d'fni'o 

mSninutn xroaturo cf work ariil in out fman»-tt in>ti tf» »’uto arnl rr’ol't* 

loird »n* IouUt lo t)p l»«V \Vh»l »to<i!l lik* lo »op u a 

ftdoj'Ho'i rf floacfi* of al lpa*t 0* raj^ntr, an I alliol iftij*'Trnl« of rorrparatile 
cij'scily. Hjon ♦bould wp i«itnp»t ft npor rf» in »'>iS tilla^p Ifjt tfii« i« itn;'o« 
»it>|p «ilh our frr'pil ifrancVil ratllo 


I do nfl infpf tV»l i>>nnl.| ftf^andon Itip amaU iron idn-jjjh m tipw of I'f 
toor woiVmc rT-afner. ll la« it« ft-lranlajo* a« 1 t^arp mpnlm-iP'!. and we n-nt 
renM^PT It from the itandpoinl of ita educational aalw* lo thp faitner in the dir«- 
lion cf iron imrlrment* of ifp ttimfem type, a* a niratia. in pfiort. of wraninj him 
from ill* pnmmve wooden jdonsh and arqoaiMifis him wiHi the new idea, lint 
<?nr aim ehould I-p for Urtrer and more ef^^lpn^ »irp« A» »p arltani-e tnwarda i'lZRpr 
rloupha of the order, let ti» wy, of the ''Vir'cry", which i» known In 

rna*t onarlera in India, we are on much aurer We tpallr lejin lo do aomp 

work on the anil and are rewarded with rome mpaiore of tilth We are atill not 
aide to make out an oTprwhelmmc ra*p for the roo-tern iiiveriion ptoosh, hut this 
It diip far more lo llip dr'ineneiea in the eoil than deficipnciet in ihp plow;h W'e 
haae eTidenre of thii in the tillage of garden lamia with their more tractahle and 
produrtiee aoil*. If we wi*h. therefore, to apply the moilefn mouhlboird plough 
lo W»l adrantacp, we nml improTe the eatlle and we inu»t improve the phytical 
condition and the fertility of iW toil And Ihia apphea. of couree. lo all tillaya 
irrplpjnent* W*e have aome aoita in India wjneh are highly amenvlde |n mo<len 
tlluge, a I IS majority that are di<*ietilt, and othera that can only Iw chaeej at 
cnploushalde except |vrhapt hy powerful tneehanicftl mpvnt It it not unu'ual, in 
eountnea like Amenc.i. for the crop ipeculiat to meet the enginper half way in 
the eolution of a common prol.tem Thu*, when an implement or marhina cannot 
be adapted to ft particular crop, the crop la adapted to the implement or machine. 
And M It muit i<e in thi* euantry with the draueht c.attlc and the toil It It n^aite 
ft fair te<iOP*t that the encmecf thould W met half way. and art I do not tnink 
it eecori in many In Ihu way Mo*t authontiet IwV lo tlip asnciillural engineer to 
aeorjc It e miracle in implementa m the face of the pretnil impottihle conditiatm 
1 fts full) ror.tcioin of the enormity of the ta*k. hut it oflera the only road to a 
real ftdTance m Inillock power tiUace 


I’lant breedere and other*, in the deaelnpmeni of new anneiiea and ey*ten,» of 
planting, ihould l>ear in mind the proMem* ihev miRht be lirewing for the agn- 
coltoral engineer and *tud\ hit rei^uiretnenl* lioe a naked *eed in cotton would 
facilitate mechanical eowing. how fhort hiulmcd or hunch varieties of groundnut 
would aid the development of more efru-ient and economical tiaracsting implemcnta, 
and, if the practice of mixed croppinc could It C'aen up <>r parn modirird, how mucli 
eaxter lot mechameal rowing, tor wrtercultjvatmn. and mechanical harvesting Such 
ft ruggettion la not at atl fantastic or alipad of it* time tn this country 

Let us consider the secondary implement* of lilUce hke harrow* mid cultivators 
The indigenous forms vary con*tdrral>Iy, in the different part* of India, from the 
long liable blade harrow through intermediate forms avitli one or more short blade.i 
or 0 senes of bladed or spike pointed tynes to a peg tooth implement rrsemblin'' a 
Urge wooden rake The implements are composed entirely of wood aailh the excep 
tion of the blades or tyne points, wliicli are of iron or sled, and *omctimes .i few 
small iron fittings by way of reinforcement Such implements ore capable of 
considerable improvement, by the introduction of steel parts in their construction 
to render them stronger and more durable, iiy the u'« of harder steels for blade* 
and points and other wearing parts, by the staggering of tvnea to afford greater 
clearance for the soil, stream lining of shanks to reduce resistance and waste effort, 
by incorporating means of adjustment of blade or tyne pitch and working width, 
and by the provision of easily detachable and renenablo wearing parts. Ilcre 
agait the greateat difiiculty is to keep the cost within the permisnblc limits und 
^ retain iimnlicity of design, but, m the face of these difTicultie*. the problem 
K being tackled and improvements are being effected and slowly introduced 
Several simple and cheap designs of alee! toothed harrows and cultivators with 
wooden fmmes, and blade harrows of all steel construction, have been evolved in 
various Provinces and are being demonstrated by the Departments 


For intercuUivation of row crops, wo have in 
all steel expanding cultivator, best known in this 


the world-renowned five-tyned 
country as the Planet Jnnlcr, 



278 


done a raiuaWe service and hare deserved a reward which 1 imagine has aever 
come to them. Many have heen the types and designs expressly developed for 
Indian conditions, and if only a very few of them have hit the mark, we are ihle 
to appreciate the .difficulty of the task and have learnt much of value from the 
faiinres For what success they have achieved, of course, they are indebted t'a no 
small measure to the men of the jlgricultaral Departments and other services in 
India who have given them invalnaWe assistance by their knowledge of local ton- 
ailJoDs and requirements. 

In reviewing the past, I regret I can pay no great tribute to the Indian manu- 
facturer Overseas makers opened the way for him He copied their designs — there 
is no particular offence in this — ^b«t he copied them badly He based his prices on- 
the high costs of the imported .articles out of all relation to his cost of production, 
and was content to go on offering the crudest product at the highest price with no 
attempt at refinement of design or qaalily But thanks to local competition in recent 
years, his manufacturing standards have been improved and prices have hem 
brought dovTi to reasonable levels He is now the most important factor in the 
implement situation as it stands today. 

AN APPRECIATION OF THE PRESENT POSITION. 

Turning now to the present, which may be assumed to embrace the last few years, 
the situation, I should say, is characterised by a somewhat greater appreciation in 
nil quarters of the importance of agricoltural engineering to Indian agncnltare, and 
a better .attention to the subject on the part of Agricultural Depirtraenfs. by the 
services of the Imperial Council of Agricultural Research in v.-irious directions, and 
bv the marked improvement in the qualilv and prestige of Indian made implements, 
all attributable in some way to the valuable recommendations of the Royal Com- 
mission of 1926 These are all most welcome changes and I think the outlook for 
the future is brighter than it has ever been, but the path of progress is still beset 
with many difTicuUiea. 

'I he more one studies the mdtgeuous implements, the more one has to admire their 
primitive perfection bom, no doubt, of many centuries of development, and consider- 
ing the crude conditions under which they are required to operate, how wonderfully 
•well they serve. And the more one lealises how deeply rooted they have bocumo 
in the lives and practices of the famiers and how very dillicoH to displace thorn. 
The real problem for the agricultural engineer in this country is not one of design 
and manufacture i it is one of capacity and cost Tliere are no irnnlements that 
could not be devised to do (he jobs of the Indian farmer provided he had the cattle 
to work them, the means to buy them, and the conditions to permit of their econo- 
mical emnlojTUcnt. But his cattle power is so feeble, his purchasing power so low, 
bn fields so small and ill arranged, and his intensity of production so terribly 
depiessed, that, in the design and manufacture of implements for him. essentials 
have to he sacrified to meet sneh conditions. What clmncc is there o! his using a 
9 inch plough that would reallv work hiv soil and what th.ince of his aflo'-ding 
good quality wear resistant steels 7 The design of modern implements to suit his 
Ssndifions and his purse is a compromise m all directions and therein lies the extreme 
difficulty of it. The task of the agricultural engineer in India is to make one p.nrt 
Efcn-e where two served before. In ndv.nnced agricultural countries his task is 
hedgad about by no such considerations and is relatively simple I refer, of course, 
to The vast number of .average and eub-iverage farmers. Fortunately we have our 
tract* where higher standards prevail and conditions arc far more favourable to 
progress • 

I believe that the modem rerolufion in agriculture in Western countries^ has 
been due more to new implements and methods of tillage than to any other single 
factor. It is prolwbly no exaggeration to say that a revolution could bo wrought 
in Indian agriculture by the wholesale adoption of improved implements, but we 
have no hope of attaining this goal Or even distantly approaching it until we ran 
effect a vast improvement in our draught c.att]e and in our soils. This is the brick 
wall we are up against; the rc«t of the implement problem is relalix'ely simple of 
solution dust as most engines have a particular speed at which they run most 
smoothly .and economically, so moat implements have ft particular size nt which 
they do Ihfir best work. W« are so much below this optimum size in the great 
niajority of our ploughs and other implements on account of our wretched draught 
animals' th.at we sire deriving only A small fndion of the benefit that modern implt- 
merts are able to confer. In the case of the smallest iron ploughs that nre being 
sold to the farmer, it is highly quesltonAble whether they present any odvantage- 
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cTfr Iho f'tuniljvc woojen jVujjh fir«r> of ti"« rf »oiVin; 

thoaph Ib'^r da • »»Tinc w ti'~» •n I omI of nHi»*l>''a Ui!h l7f»« or* 

1 HI* ifl^T* lfi*n rarfof^ rjaito inr*p»l’» of inifthrc • cvwl fnnov 

»lir<* «iih ji «f''nilo puhfroiPC •'lirTi Taininc * futpiw ifirolrr* * «I<-fni*o 
tr.inimutii lmo»«urp of work »nd in i«if »'n*Ilr«t imn f1iv>j*n *h«* »f iro und maM* 
{■oirij »r* loiillv iin»>qa»l to lh» t*»V \W»t »«<• file t'’ *o** i« » wi<!wp'»\<l 

»{Jiipl)on rf jTnacfn rf ftl lr»»t D" r»p»<nt», »n 1 •lli» 1 imjI'T*!!'* of trt*Tip»r»li1f 
csjiicitj. Tlirn »>;tn»ld »r « l>o« fta in »'>!’. ld'a;<' Hat tin* n Ifrpoi 

»il Ir a*iih pur prumt ijranght rattlr 


1 da rfl infrr tfiit iSoald *t»atidon Itir Iron j-Jaijlj in virw of i'» 

iwyir irotViPC rTicirnry It fi»» •• 1 l.»Tr nirntiofi».l, «aii «e n nl 

txfinirr it Iron tVr itandpoint of lt» T»tai* to trr (»m»T in Ihr diw 

lion of iron irnplrn-mt* ef \\,p nodrni Irpp, ai a n<-an«. in ptmrt. of wrantnj him 
from Im rnmilnr '•r(v»dm plooph and ar»jti»intinc him with th<* nrw idra. lint 
cur aim itionld W for laiRor and motr r5>ci«‘nl »if*-« A» me ailranro tonartfi l.iicer 
rlouct.* of Ih* ordrr. Irl n» Mp, of th* IUr*onr«’ "Vir'ory". which n known In 
too*! nnarirra fn India, w» ar* on tnarh »ar»r crrmnJ Wr irally Irjjm to da aim" 
work on Ihr anil and arc rrwardrd with aomr mraiorr of tilth Wa ar« »til] not 
ahlr to makr out an OTfrahrlming oa*" for tha mo-trm intminn pWjh, hut thii 
ii dll" far rtiora to th" da'Inrnara in tha aoil than da<ifianna« in lha plnojh \Va 
Ima aiidanfw of Ihi* in tha tvtUea of irardan land* with lhair mora traclalda and 
produrtira aoila If wa wi»h, tharrfota. to apply tha mo<lrm moiildlwird nlnoxh 
to l<ail adrantaca, wa moit impfoTa tha cattla and wa tnu«l improTa tha phyiical 
fimditinn and tha fartility of tha aoil And Ihl* applia*. of coorra, to all tillii'e 
imrlamanti ^Va hata aoma aoil* in India which ara hishly amanahla to tnodm 
tlllica, a hie majonly tkit ara dil'imlt, »nd othar* that ran only l>a claMad a* 
cnplooehalla fxrapt f^rhip* hjr powarfol machanlral mean* 11 ii not unuinal, in 
courtna* Ilk" Amancn. for tha crop apaculut to maat tha anfiinaar half war in 
tha aolutlnn of a common proldam Tbo*. whan an implement or marhina cannot 
lie adiptad to a parlicoUr crop, tha crop t* adapted to tha implamant of michma. 
And n It mutt W in thi* country with tha draueht cattla ami tha loil. It ii nnite 
* ftir rt^tia»t that tha anemaar •hould l<a mat half way. and yat 1 do not liiink 
it octnrt to many in thi» way M(»»t anthotitia* WV in tha nenciiUiital eupneef to 
work 11 a miracla m implamante in tha face of tha ptaaant impi*«ihta conditioiia 
I aa fully conicioui of tha anortnitr of tha ti*V. hot it oflam tha only road to a 
real •drama m hullofV powar tilUca 


IMaot hreader* and othan. m tha daialoitmant of naw i.inrtie* nnd ayatan.i of 
plantine, thoiid l-aar in mind the problem* thev michi ba brcwins for the aeti- 
Altsral enetoeer and »tud) hi* reciuiramant* How n naked *aail iii cotton would 
facilitate machanieal *owine, how *11011 hinlmad or ^•unch varietie* of eroundniit 
woufd aid the darelopmcnt of mote cfTicieni and a«<inomic-»l h.-inestinp implamcats, 
aud, if tha practice of mixed croppinc could Im* C'lan up nr a\rii modified, how mucli 
eailtr for mechanical aowine, for intaTcultiraiian. and mrchmical hnrvrating Such 
a eceeotion l* not at all fanlaxtic or ahead of ita lima in this country 


Let lu contider tha secondary implement* of iiliicc like li-irrows nnd cultivator* 
The indieenous form* vary considerably, in the different pirt* of India, from the 
lonp eiD^Ie blade harrow thioush interrnediata forma with one or more short hladei 
or a aeries of bladed or »pike pointed tynes to a pcR tnotli implement foembline n 
large wooden rake The implements are coin|>o*ed entirety of wood with the excep 
tion of the blades or tyne point*, which are of iron or steel, and sometimes .1 few 

small iron fitting* by way of reinforcement. Such implements are capable of 

considerable improvement, bv the introduction of iteel part* in their construction 
to render them itronger and more durable, by the u'o of harder steels for blades 
and points and other wearing part*, by the etaggerms of tynes to afford greater 
clearance for the soil, stream lining of shanks to reduce resistance and w-iste effort, 
by incorporating mean* of adjustment of bhd* or tyne pitch and working width. 
and_ by the provision of e3*ily detachable ond renewable wearing parts Ilere 
again (he greatest diflicultv is to keep tho cost within the permisMble limits and 
to retain iimphclty of design, but, in the face of these difncultiei, the problem 
IS being fackled and improvements are being effected and slowly introduced 
Several simple and cheap designs of steel-toothed harrow# and cultivator* with 

wooden frames, and blade harrows of all steel construction, have been evolved in 

various Provinces and are being demonstrated by the Departments 

For intwculUvation of row crops, we have m the world-renowned five tvned 
all iteel expanding cultivator, best known in this country as the Planet Junior 
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i *** and. if its price ran be 

fn unr»«ntenfs of tillage. If not, we most CTcti- 

method of ^nnim^. by the more gradual proce-a of dere 


&io^TSTrh,/°St SI " “’ “■' 


The preparation of paddy lands presents another opportonity for improred 
implements. Amongst the paddling implements which inclode the wooden plongh 
several wooden rake-hke deviees. and the Burmese settuns or blade lollers, the 
latter employ the more modern principle and are conspicuous for their efficient 
operation, contributing in large measure to Burma’s low cost of paddy production. 
We a-^ endeavonring to improve these implements and adapt them to Jfadras 
conditions. 


Perhaps the iiio«t admirable of the mdigenons implements are the seed drills. 
Tlere we are striving to eliminate some of the human element bp the incorporation 
■of a simple mechanical seeding dence which will replace the present hand feeding 
ana give a more iinifomi and eeonomic.il distribii'ion of seed Improvements in tha 
■drill itself are also being attempted Many seed distributors and drills ba%e been 
evoived in the various Provinces and. though the problem is a pirticuhirly difficult 
one, r am confident we are approaching a re.ally satisfactory solution 

Other implements under imorovenient are the threshing rollers used in vari’env 
parts of Indi^ and heavy blade harrows for the lifting of groundnuts Improved 
designs have been produced in both fa*pes and are under demonstra'ion. 


Keverting to ploughs, it is safe to say that progress is being m,i'V in all Pro* 
rincoi The principal Indun mannfactarers have attained a higher standard to 
theiv ploughs tn recent years and are able to offer a wide range of si»es and stiles 
to amt most conditions Their prices on the whole are reasonable A great deal of 
uotk has been done by the /tgneullural Departments in the selectn?, testing, and 
adaptation of ploughs to suit local conditions, and most of the ploughs made la 
the country have been produced at (he instance of some agricultural department. 
Imported makes, on the whole, are no longer able to compete m price and value and 
oje disappearing So much for the principal types of implements in eommon o«o. 

Then there are such tj^pcs of iinplements as spnng tooth cultivators and disc 
harrows clod crushing and compacting rollers, rotary boes or ciiUiinlors. ridgfng 
idanehs’ snbsoihng ploughs, earth scoops, and others which the Indian farmer knows 
{‘ttlo or nothing about. He h-is managed to do without them, making hh few 
inditenous implements serve all his needs, hot he could use thefo modem efficient 
Ivnes to advantage if thev were adapted lo hie conditions and made available el 
the lowest possible rates. Many attempts have Wen m-ide to nd.apt them nnd bring 
them within the reach of the ftTerage farmer and. though mo«l have foiled for 
rea<!ons chiefly of cost, progress has been achieved in the development of simple 
cheap designs' in some types. Light steel ridee ploughs and earth rcoops of modern 
uTid rflicient design are now available from Indian makers at a cost of Bs 10. Small 
anting tooth cultivators might be adapted to Indian condifinns wi(h liftle difficulty 
and used with good efTeef. bid prices will preclude nnv aide scle adoption until 
tWv c-in be produced very cheaply l«v hrge •rale nrodoclion. The sime mev be 
said of rollers, di«c h.irrows, and rotary hoc* though here the T'roblems of ndipta- 
ll'in and co«l rednetion are more difficnll of «ol«tioTi. Memwhile, we can erpr.-t 
serv little demind for all these types, and progress in their introdoriion ran only 
he eitremely slow. 


Simple reiping or he.iding machines for jowar and wheat, a cotton planUr 
which will deni successfully with the untreated fnsry seed, a paddy transplanter, 
n rlone r.dberinc rake for the clearing of stony fields, and « light reversilde disc 
plough, are other problems that might well repay much stiidv md erperiment 
Some of them have been attempteil but nitluiiit S'KWS If we stiidv local practice^, 
ifje rce/J for minv new bDlloek.drawn impVme/)t» A bund fotroing imple- 
ment l-K been desigried to replace the laborious nnd eo«tly h.ind tod me'hod of 
i-iiiidtng. Tn nddition to the banding of fields for irrigation, it h.as found n vnla* 
ahir appIic.afion in dn- fiarming tracts for moisture conservation wide Annlhet 
iwfdement that might be deinred srith adv.nnbage for our dry areas is a buPoeV 
drawn bssin fiirrowrr on the principle of the new Ame'ican dammint lister Pry 
farming, more than anv other ssstem of agricaiture, is ilenedenl for its success on 
proper implemenfs. nnd presents a splendid opportunity for the implement designer. 
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Hut here a note o! coution mi{;ht be eounded In the recent coinpetition 
inaupirated b.v the Imperial Council of Agncuitural Research for improvomenta in 
tilUge implements, the de^iCTia submitted displayed a marked tendency to depart 
too far imm conventional Tines into the realm of fantaitic, impract'cable, and 
padpel features. There is a distinct tendency, too, it would appear from what I 
have seen in India in the last 10 years, to strive for patentable ideas rather than 
workable n«eful ones. Those who pive thought to the improvement of iraplemenlt 
and machines should disillusion their minds that there is of necessity any merit in 
patent.able features They are easy to conceive; in the vast majority of cases they 
arc of no practical value whatever In the desipn of imptemen’s, the ipiidinj^ prin- 
ciples should be ettreme simplicity, complete praeticabihty, and os far as possible 
conventionality and stand.ard, well approved practice In manufactnre the pressing 
need is for improved quality and rmiah, standardisation and m.ass production. 

1 refer to the question of single or multiple purpose implements. It is rarely 
that more than one purpose can W served efficiently in a single implement, anl, as 
a principle, I am strongly in favour of the single purpose implement I fully realize, 
however, the desirability of restricting the rjot’g assortment of implements to an 
absolute minimum consistent vvith the efficient evecufion of his work, and I accept 
that it might be advisable and even essential under certain conditions in this 
ernntry to design an implement or machine for a dual purpose. Bat I would strongly 
advise that such a principle be applied with the utmost caution The same remarlu 
apply to accessories These should be limited as far ns possible, and anything in 
the nature of gadgets should lie strongly discouraged ns abominations. 

In the operation of bullock-drawn impleinenia, we have to contend vvith a difficnlty 
which 18 inherent in the svstern of yoking and hitching Pulled as our implements 
are from the tops of the aiiimaU’ necks, and close hitched to allow the driver eontroJ 
«ver hia team, there is set up a steep line of draught which we can do little _ or 
nothing to rectify. Every force is resolvable into two component forces at right 
accles Thus the pull in the direction of the line of draught may be split up Into 
a lioriiontal and vortical component, and, with our hue of draught os sleep as it 
is, the hatter component assumes objectionable proportions It is this latter compo- 
iient that tends to lift our ploughs and other penetrating implements out of the 
ground, ami is responsible for to much of our poor plough performance. We ara nU 
familiar with the sight of a plough ripping along on its share point in its attempt 
to keep in the ground, and with mouldboard ond laudside well in the air and 
largely inoperative It is all attributable to this steep line of draught We cannot 
lower the point of power application with our present system of yoking, we can 
reduce the gradient of the line of draught only by lengthening the hitch, but not 
tc any appreciable evtent for vve must keep the implement well forward to give the 
driver control of his cattle, and for close workioc of corners and headlands in tiny 
fields 

.And nnw if we study a plan view of the same line of draught, we see, \n the 
case of the plough, that it does not lie over the furrow but strikes off at a very 
appreciable angle This is duo to the practice of wide yoking One animal must 
walk in the furrow; with the other voked wide, the midpoint on the joke is far 
displaced from its correct position over the edge of the f-itrow This gives nse 
to a side draught or a aide component of the pull which tends to draw the plough 
out of its correct ^position and too far into the land a tendency which is resisted 
by the ploughman’s artifice of leaning the implement over towards the land with 
a consequence that the mouldboard is raided out of its true position relative to tbe 
furrow sole and rendered largely ineffective Though small deCTces of displace 
went may be compromised by the oB-setting of the nole, which corresponds to 
clevis aa*u«tment on the short beam plough, there is no true remedy for this trouble 
save the close jmking of the animals, a practice which the farmer, unfortunately, 
is most reluctant to adopt ^ 

Nt> reference to bullock draught would be complete vvithont a word on yokes. 
There has been no lack of attempts to devise a yoke or a system of yoking that 
would be 911 improvement on the present primitive type Attempts have been 
directed principally to the elimination of eore necks by the provision of swept 
portions in the yoke where it contacts with the neck, and various forms of neck 
pads, and provision has usually been made also for adjustment of the neck portione 
os well as variable spacing between the animals But, so far, the designs I have 
seen have been much too elaborate and totally impracticable For tbe working of 
a single animal an inverted "U’' shaped woi^en yoke, which is fitted over the 
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ctck anil siiptoxlfflaUs to a colbr },»» Wn dexnwti, liut the simplest and l>«t 
amn^eraeal of this trpe is no donM the sznde feather harness, a venr simple and 
effectjTe dcTiee -n-hich consists es.‘eatialjy of a bnwd feather pad wh'ieh fits over 
Uie neck and afrainst the hump, and a pair of traces trhich arc coupled to the 
tmp.emeni through a small wooden spreader bar or swingle tree inmediatelr beainj 
the znmal 5uch a dcrice has fong been osed hr the Department in Madras for 
the pnllini; of cuUuators la sincle animals and recenllr it ha« l>een arplie.f with 
p(»d result? to the yoking ot a pair of ammaU tn operation of rer^ian wheel water 
lifts, canemiils, etc., each animal being promded with the single hime*:?, and the 
four frares i>eing connetted to a common swingle bar at the tea- the oedinuT 

coantja* yoke with all lij faults ha« snrh weighty adrantajei :n its simplicitv and 
lo.i co*i tMt the oi/licuftr cf di<pf.iaog it would <*» difTin.lt to oierrate 


The distnlutioa and safe of implements is stiJI elTected for the most pirt 
through the agency of the .Igncultural Departments, though the leading fndiaa 
joanufactnrers are making some attempt to appoint their own agent* or estahfuh 
their ow-,i branches in the belter sale centres. Demonstration i« rondocted by the 
Departments on murh the wme «ystfm .as eier, with moch room for improcement, 
T thir.k, in the actual technifjoe The demon«trafion .and sale of implements is 
pnrsaed to *ome extent by agneolinrah deielopmcnt and co^operatiie a«'ociatio'i8 
in thf rarions Prorince*, but on the ohoJe. a» jret njth no marked eflect. In 
Madras, as probably elsewhere, the pordia-e of implements is I'cmg a*sisled bv t*'e 
grant of takkavi loan*, but the system a* it •« worked u open to msnr ohi'ections. 
Tho*c, in the end, who are reckoned as fit «iibjecls for a loin are tho*e who least 
refjoife it. 


In Tjewing the progres* in the introduction of improeej implements it it difilcuU 
eel to despair at times when «e wnsider bow liille we hare touched the ia«t popo- 
Utlop of famers ^Yilh all new type* of imp}emeni 8 mlh wtiieh the farmer it 
not familiaf, and eren indeeil «iib ail inproied design* we msy offer him in bis 
o«r indigenous form*, however perfectiv they mar 1 >e adapted to hi* conditions, 
we *n confronted wilh tremendou* ob*iaeles m his ealrrme poverty and conserva* 
tiiirt when we come to a‘fc him to adopt tfem To put ii« more rtf o los*. tre h.ire 
so tlllle to lure him. In mo*t ra»e« n mu«t l,e eonfe«‘ed, we are able to claim 
calc a slender advantage for our ne» or improved design, and too often we ate 
UMbV t*? *how U Jlare often th.in not the farmer i? merely .1 fenanf who?* 
iji«ecorili of tenure and mi*enl.}e reward for his labours deter all Ibonght of im 
MOieroent. The ab«entee Nndlord fake* eo littfe interest in hi* lands thit 
erpfct 00 a«*l*t4nee from him lie 1* the chief offender. It i« he who fWQid do 
to forward the ifvtfo<lnction of inpmvcd implement* 5 o. we are left 
to look for our fonverls amnngit the fprinklmg of upper cli*» fanner* with soma 
prtigrr**ive initfnet, with some appreciation of better imrlemefiti and sufficient 
rpr.in» to buy them 

Tim i, » >i<t «mo«nl oi ...i.Unr, 11,1 cn W r,-.l.rrj 1 .,, a. Urt^ 1 ,^- 

icev* V* icneuhutal and ether a**oaatioi«. nod thi* man be «.rga 

’ • • »Te hiYP seen, i* up 


nwnen>, cO'Operative, — - 
• ^ And faLin~ a longer virw, our proilem, 

Sh*'th^*e of the rmpnwrmrnt of draug't rattle and soil*, the n.e of manure*. 
ri.Aifdation of holding*, and other? Dwl for oi.' own part we by all 

Saw tnprovc our demonstration of implenier.t* and o«r pmpigindi ; we mu.w^ I v 
trtre mean*, engireer & reduction m the cost oi inpTemrnt* to 
IK»\ mar be cmploied emnomieallr on farm* of average serng* 
avVraS ‘farmer i* ible to bn>. And all the tine of cour*e. wr : 

Iimplef and l,e!lrr designs. 
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APPEraiX VII, B. 

Introduction oi improved ploughs in India. 

^NIZAMUDDEEN HYDER, Director of Agriculture, R. E. B. the Ntzam’s 
Domimont). 

The Royal Commission on Agncolture m India, while rerieHing the progress in. the 
introduction of iroproTed agricultural implements, remarked “The agricultural depart- 
anents have, however, so far done disappointingly little in this direction. The sales 
of improved implements through departmental agencies are infinitesimal compared 
with the total number of implements in nse in India, as is shown by the fact that, 
in spite of the large number of types of improved ploughs which have been placed on 
the market, only about 17,000 were sold m 1925 26 The total number of ploughs la 
use in British India in 1925-26 is given in the Agricultural StntisUes in India as nearly 
25 millions. Even if full allowance is made for the extent to which depaitniental 
sales ore supplemented hy private enterprise we cannot but feel that the agricultural 
departments hare hardly made the fullest use of the oppoitunities which have presented 
themselves in this field.” In this note it is proposed to discuss the introduction of 
improved ploughs only, which the Royal Commission has quoted as an instance. 

2. The number of improved ploughs sold through departmental agency in 1925-26 
was about 17,000 In the following few years the nnniber increased to about 30,000, 
but in recent years it has gone down to about 19 000 This fall may to some extent 
be due to the general economic depression, but even 30,000 is a very small number, 
considering that plough is an implement which is required by every cultivator. Ever 
einca the Agricultural departments came into being m India, thev have been trying 
to introduce the improved ploogh,s, but the country plough still holds the field, and the 
improved ploughs are seen very few m number in the country side In the following 
are shown the fiumbers of ploughs, cane mills and fodder cutters sold in India through 
departmental agency m the years 1930-31. 1931 32 and 1932-33 (tvVe “Review of Agn 
<QUuraI Operations in India", 1931-^ and 193233} : — 

1920-51 1931-3S 1032’S3 

Ploughs 27,170 19.200 18,750 

' Cano mils • . . 5,8f3 C,707 0,471 

Fodder cutters .... 12,789 7,919 20.294 

Fodder cutters are the most popular in the Punjab. The numbers of ploughs and 
fodder catiera sold ifl that province in the same years were as follows 

1930-31 103I-32 1933*33 

Plougljg 9,434 8,500 6,990 

Fodder cutlers .... 12.570 7,700 19,550 

The total number of ploughs sold in the 3 years was 23,934. while the total number 
•of fodder cutters sold during the same penod was 39,620 Many more fodder cutters 
have actually been sold in the Punjab than ploughs 

3 From the above, it is clear that the iron plough of the modem type has not 
become sufllcientlv popular, even offer 50 or 40 years of <ontinuous propaganda. What 
is the reason’ 't'he Royal Commission has said in its report “An important obstacle 
is the natural dislike which the normal individual has to being regarded au eccentric 
because he has bought a novel implement “ Is the cultivator, still so shy, who is 
crowing the new unproved varieties of crops on on area of about a crore and sixteen 
lacs acres (vide Renew of Agricullonil Operations) and who is buying about twenty 
thousand fodder cotters in a year? Another obstacle mentioned by the Royal Com- 
mi'sion is the difiiculfy of fin.ince Cannot the cultivator nfTord to spend ten or twelve 
rnnees once in scicfal yi-»ri to huy one of the lighter kinds of ploughs? JIany of the 
growers of the improied varieties of crops rp'-nd more than this for oht.ilning the 
improved seed every year Are all the buyers of about 20,000 fodder cutters and of 
about 7,000 cane mills, of 1932 33 nsing improved ploughs? An enquiry on tins point 
will cive scry o«efiil infomntion ’ Ivnose these implements are far more co’fly than 
ploughs Another difilculty mentioned Iw the Royal Commission is the lack of facilities 
for repairs and for obtaining spare parts The iron plough does not require much 
repairs There is nothing in it nhich tnitUl hrvak and require (ofning. The only 
■wi^den attachment is the Iwam in the lighter kinds of ploughs, which can be made 
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Interest on capital, depreciation and cost of repairs on implements, lias not laeu 
tasen into consideration, so the following additional sums must be debited to the 
ploughed plots in order to render the figures strictly comparative 


meat 
Tona . 
Cotton 
Average 


Per acre. 
As. 7*7 
As. 5'1 
As. 5*1 
As. 5*96 


men the additional cost of the improved implements is dedncted from the profits 
shown in Col, 5, there is no apparent financial gam from their use except in the case 
of the Set C plots. * 


Economy m Ume and’Ialour. 


The use of improved implements has in all cases resulted 
of time and labour as the following figures show 


in a considerable saviqg 



Wheat 

Toria 

Cotton 


XTonrs of labour savea 

Honrs of labours saved 

Hours of labour saved 


Man 1 

iadouf 1 
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labour 1 
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labour 
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19-6 
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19 e 
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14-9 
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21*7 
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2M 
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8-6 

13 3 

1 $ 9 

13*3 

0'J> 

15*3 

n 

13-S 

B 



Id 


The aveiage saving m time and labour araounls to about 20 per cent. 

Effect of Improved /mplcments on yield. 


Detailed yields are given m the appended statement; those pertaining to each 
crop are discussed separately below 

JTAeaC. In Set A where an equal number of operations has been performed with 

indigenous and improved implements the yields are practically the same. 

In Set B the use of improved implements has increased yields by approximately one 
maund of gram and two maunds of straw per acre. 

In Set C improved implements have increased j-ields by approximately two maunds 
of grain and four maunds of straw per acre. 

Toria . — In this case there is no significant difference between the yields obtain»d 
from plots under the various treatments. 

Cotton — In Seta A and D the cultirated plots have given higher yields by 
approximately 6 and 10 per cent, respectively. 

In Set C the use of improved implements and line sowing has given an averag.’ 
increase m yield of 3i maunds per acre. 

General Obseriationf — The inference to be drawn from the experiment at the 
present stage seems to be th.it in a dry Himate like that prevailing at Lyallpur where 
weeds are easily kept in check forrow-tnrniag ploughs and improved implements are not 
required to the same extent as m areas of heavier rainfall or where weeds are more 
abundant. The use of improved implcmcnls. however, results in deeper, better and 
cleaner cultivation and in a 20 per cent, saving in time and labour. 

The work already done merelr serves to emphasise the necessity of makine a much 
wider study of the subject in different parts of the country under varying eondilio&s. 
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Slattment tl. 


Averages. 



^Vheat strate at annas & per mansd. 

Tons at Rs, 4pernutund. 

Cotton Bt It*. 8 per maund. 

Tho labour was valuetl os under . 

Hburs of man labour at Ite. O‘S-0 per 8 hours. 
— • '^uraof bullock labour At Pe. 2 per 8 hours. 
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APPENDIX Vn, D. 

INot« hj RAO SAHID K. 1 TIIADAXI, Dirtetor c/ Agriculture, Sind). 
Tfcfrt ii no pirat pro»pcc< of a^tcaKoral in*cf»nefT, e.g., tracton /or plongliing, 
ftnmhing machin«i *tc., bemfj used by the famiert in Sind and several other parti of 
India owinjr to the condition* of farmini* and land tenure lyitem prevailing in these 
• coontne*. ti-en the bnllock drawn impiemente should be such as will not require 
any sVin in adjofimg th^m and should l-o simple In con*tniction, cheap in cost, easily 
portable and can W manufactured and repaired locally and above all should not reqnite 
filler draft than what the local pair of bnllochs can draw or pall. Consequently, 
were is great limitation in the scope of improvement. The most important implement 
T* 4 ^ Indian plough which aerxei as a general purpose implement for the needs of the 
Indian farmer. It dors not invert the soil and serves more as a cnltirator. Consider- 
al.e improvement howeier. ha« l>een made over the local plough and an Egyptian type 
of a plough called the ■^arkar* plonch has been introdoced and has become very 
popular in th* Rarrage arev* of Smd,. and is the Standard plough in Thar Farkar 
Diitrirt. Thi* plough i« made entirely of noo<l with a flat iron share attached to the 
bodv by a Itdi and a nut The steel share enables the plough to penetrate the soil 
ei»ilr and Wing made of iron sustains wear and la«ts for a long time The share is 
replaceable and can be changed when worn out by u*.». Thts plough has a cheap and 
nmpl« wooden attachment with which the plough can be utilised for ridging operations. 
” j ts !>• 4/8 only This implement eaves much time and labour 

and also gives better tilth than ordinary plough ouch vicoden ploughs are not useful 
, r^ojshing and stir the surface to a small depth and are likely to produce 

a kind of a hard j»an in eti/7 tevlured soil*, which lend* to restrict the root develop- 
meat and al«o interfere* with sod drainage It is therefore roost desirable that the 
Agricultural Engineers and other ofBcers concerned should devise a plough which would 
penetrate d«erly and at the svme time could be drawn by a pair or two pairs of bullocks 
for occasional u*e to break the so called ‘hard’ pan or false bottom formed under the 
•urfaee of the soil 

Besides the vrooden phugh*. some paeterns of iron ploughs haie aho been introduced. 
These iron ploughs have a fixed mould board for inveiung the soil and are more 
osefu] for uork, in drj' soils as compared to soils which itave been irrigated for 
plooghing with wooden ploughs like (he Sircar plough described above which cannot 
M worked in 'dry' stifi soil Tlie 'Qyderabad' and the ‘Mestoa’ ploughs have become 
popntar The Hyderabad plough costs Rs I3;8 each 

The other implcnieut in common ovs is (he ‘Sauvar’ or plank roller This imple- 
ment IS sometimes u*ed for breaking clods but its chief use lies in pressing the surface 
of a ploughed field which had been irrigated before ploogh was used so that moisture 
may be retained and al>o it mav provide u smooth seed bed for drilling operations. 
Several clod crushers drawn bj buftocks have been ined but the initial cost is prohibitive 
A new tyiK- of a clod crusher known as (ho Jenkins' clod crusher has been designed 
by the Agricultural IX'partmeut and iis price u about Rs 70 Although a very 
useful implement its price is not within the nacli of an ordinary farmer. This imple. 
meat can also be used for (hre»liing wheal Some iniprovement has been made in the 
local seed oue-coultered drill by replacing ihc wooden bamboo tube with an iron tube. 
The three coultered Lvallpur sved dull has been fouud useful and is being introduced. 
The other improved implements de-icned by the .\gricultural Department are the 
‘Gumming’ bullock carl and the winnowing machine worked by hand, the prices being 
Its. 150 each Further rc^arch is wanted in devising the following bullock drawn 
.implements 

(a) A suitable reaper or harve«ting mactiin*. bullock power, for harvesting the 

wheat crop, efficientlv and rc<monii<.ally 

(b) .\n efficient threshing machine bnllock power^ for wheat, nee and other 

cereal and pul'c crops 

(c) An implement which can be utilised for (a) constructing small field bunds 

and (b) levelling nneven lands 

(d) A umrersal seed drill, bnllock power, which can be adopted for the sowing 

of all main khanf and rabi crops 

(e) An effective implement for cutting or uprooting cotton stalks i 

(f) A ixtrtable machine for the pDrpo«e of applying insecticides, sprays, washes 

and dusts to fruit orchards and to field crops 
The primary aim in the design of thea» improved implements should be to combins 
efficiency in work, simplicitv in ron*tnicUoi) and cheapne's in cost. 
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APPENDIX VII, E. 

Agricultural implements. 

(9ARDAK DARSHAN SINGH. I.A.S., Deputy Direetor of AgrieuUuTt, Gurdaspur). 

Agricultural implements in use in the Punjab are, on the whole, well adapted to* 
local conditions. They are within the capacitj of the draught oien, comparatively 
inexpensive, light and portable easily made, and what is even of greater importance, 
are easily repairable and they aie constructed of materials which can be easily obtained. 
Inspite of these advantage^, there is undoubtedly very gieat scope for improvement W 
the light of modem knowledge of soil conditions So far, very little has been done in 
this direction, which is evident from the fact that inspite of there being so many 
improved types of ploughs in the market the sale through Departmental agencies is very 
small as compared with the total number of ploughs in use Even if full allowance 
is made for the extent to which Departmental sales are supplemented liy private enter- 
prise, one cannot but feel, that the furrow turning ploughs have not made their way 
to the zamindars home for one reason or the other fertainly, there are difficulties 
which have to be faced in pushing the use of improved implements and of improved 
agricultural machinery generally. There are difficulties of finance Certain kinds oT 
agricultural machinery such as tractois. power mills for crushing sugarcane and 
threshing machines are obviously entirely out of the reach of small cultivators unless 
some system of using them co-operatuely can be devised. But while the financial 
difficulty may sometimes go against the adoption of impioved types of even comparatively 
inexpensive implements such as ploughs and hoes, the natural dislike which the average 
individual has to being regarded an eccentric on account of having purchased a new 
implement is also an important obstacle The remedy for this is simple and effective. 
Propaganda must always be intensive, (hat is, it must not rest content mth trying to- 
convert one or two individuals in a village here and one or two in 9 village there, bat- 
it must reach all the cultivators of a village and induce as many of them ns possible 
to accept the unprav'ement In so far as cost is a deterrent to the adoption of even 
comparatively inexpensive implements, the Department would do well to consider toe 
possibilities of mass production of the wooden parts of such implements with a view to 
bring down the cost. The Department may moreover stock the spare parts with the 
Agncultaral Assistants, so that the same may be readily and easily available to the 
caltivators. One of the mam reasons as to why the improved bullock drawn implements 
such as ploughs, hoes, etc . do not find a large sale, is, (hat their spare parts are not 
readily available. There are also difficulties arising out of lack of facilities for 
repairs. But even after giving due regard to these handicaps and disabilities, it is 
impossible to avoid the conclusion, that the Department is far from being in u 
strong a position to help the cultivators in regard to the implements which are within- 
hia means as it is in regard to unproved seeds. 

There is a very wide field of research awaiting tbe worker on agricultural implements 
A fundamental problem which has still to be tackled is, the relation 'of the capacity 
of the cultivators’ bullocks to the implements they are required to draw. The con- 
struction of the ordinary country plough is such, that it does not invert the soil but his 
plough IS the best that he can use with the bollocks he possesses Jloreover it is 
behev’ed that the importance of conserving moisture has been the principal reason for 
the Indian cultivator’s preference for the type of plough used by him ; and as he la 
too poor to afford a variety of implements, the ordinary Indian plough is the best 
type for a general purpose implement suited to hia needs. It is often worked not as a 
plough, but as a cultivator. It ia obvious, however, that notwithstanding the great 
diversity of local conditions, a country such as India, presents great possibilities of 
advance^ in this direction. It should be emphasized on the workers entrusted with the 
work of effecting improvement m implements, that (he aim should be the evolution of a 
small number of types, suitable for a wide range of condifiqpis, low in cost and within 
the means of small caltivators. Such imnlements will thus be suitable for mass produc- 
tion as well. The improvement of existing agricultural implements offers a more- 
promising field for the activities of the workers than the introduction of new imple- 
SMnta. 
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APPENDIX Vn, F. 

(Note \>v S llATlCHAND SlNOll, L.A O . Dtpvty Dtrtetor of Ayrievllurt, I’atiala 
Sltttt), 

II h»« ol>»><-n-ed from prsrtu il *i|»en«iw that the cultivator claas is verr 

coB »* fa~ s t>T» hr iistarc cfpnaitly tn Sf|»lacifie pnmtlive type of ploughs bjr improved 
invrrtinj plougha, the rraw'n u "that osiiatlr th^re an* seicral nuts and bolls, the hand- 
tin;: of «hich a cultixator «r the villagr Macksmith feels to be out of hi« capacity, th) 
rparc* are not available ea«i1y and these ploaghs are usually cottly one*. 

Sotue years back an A?ncuUnral and Indostnal Eihibition vras held on a very 
lar^ scale in Patiala and this point va* Ihoucht over The opinion of the Engineers 
ana Agnnltonl Eip^rt* va* nought After long deliberations the problem was solved. 
Tlie main point* kept in view were that the bullocks of the cultivators are accustomed 
to the one of Dmi plongh and it was nece^ary that the new Inserting Plough shouM 
work on the pnnnple of De*! plough and the village hlacksmilh and carpenter 
•bonld !■« able to rrjair it ja«t like local implement for which the fanner has to pay 
him in kind at every iis monthly harve«ta for their repairs 

A very simple Inverting Plough wa« invented, which is very cheap as compared 
with other Inverting Iron Plough* There in not a single nut or bolt in it; villag® 
carpenter and blacksmith can repair it, does not require any spares and works like a 
Devi plough in which bullocks do not feel any inconvenience and in actual working 
It is like an Inverting Plough. 

In cane of Inverting Plough the tip. whieh usually wears out has been replaced by 
an iron rod (I'hala) m this plough which can be nharponed by the village blacksmitb 
just like a Phala of D«ii Plough and beam can be prepared by a village carpenter as 
in cane of Desi plough, the only part a cultivator has to add to it after purchase, for 
making it into workable condition 

Hence it is essential m at to incrcawi the use of unproved implements simple 
devicet should be made which are cheap in pnee and can be repaired easily by the 
YiUage carpenter and Mackrmith. 
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APPENDIX VII, G. . 


Note on bullock cart wheels mounted on ball bearings. 

(B. S. PATEL, N.D.D., ND.A, IAS. Ltie-atoeh Expert to Ote Goiernmtnt oj 
Bomba]/, 


and 

C. G PARANJPE, A/jneuttural Snamtar to the Goiernmert of Bombay) 

The recent introdaction of pneuinalic rubber tyred wheels fitted ca a special 
standard cart with the object of reducing the draft and carrying more load has gireo 
rise to & serioua thought oo the subject 

TVith all the advantages claimed for such a cart, there are raanj difficulties m the 
univeraal adoption of such a cart bj- an ordmarj cultivator • 

In view of tills three years ago one of the authors of this note Mr. B. S. Patel, 
Deputy Director 0 / Agriculture, Gujarat, thought 0 / introducing roller or ball bearing 
httings for the wheels of the country cart, as he believed that most of the advantages 
claiined for the robber tyred wheels would be secured bj fitting improved haaring to 
the wheels of the country cart With this idea ho suggested to the other author of this 
note, Mr. C. Q. Paranjpe, .\gricuitural Engineer to the Government of Bombay, to 
construct such wheels and try them out on the ordinary cart for finding out thu 
advantages in the draft, such on arrangement would give, o\er the eountr. cart and see 
how it compared uith the pneumatic rubber t^Ted wheels. 

With this object m view, Mr Paranj|>e noiked up the idea since 1S35 by designing 
s6 first roller bearing fittings for the ordmaiy cart wheels which gaie icry eneourogiug 
results Second attempt was made with IkhH' bearings instead of 1 oiler bearings, as the 
roller hearings were found to be moie expensive 

The roller bearings were fir»( fitted up in a specialK mode hooting which was also 
found to he unneceswry and cxpcn«iM The bearings 'now are fixed on a steel sleeve 
which IS slipped over the axle and held m position by a suitable cotter pin In Ifie 
latest model the sleeve is used foi the outer bcaiings only, the inner ones being pot 
directly on the axle with increa*cd diameter to obtain greater strength at the neck of 
the axle which is the weakest point 

Com/zornon for Draft and Vtihty. 

Three types of cart wheels as described below were compared'— 

1. An ordinary cart was fitted with ordinary wooden wheels. The diameter 
of the wheels is 4' and the dmmeter of the hub is 10". The wheel is 
fitted with iron rim and mounted in ordinary way on on iron bush. The 
tyre 15 2" wide. The weight of the cart is 10 cwts 

2 Another country cart was fitted with wheels described alo>e but the wheels 

were mounted on the axle with ball bearings of latest design described 
nboic. The weight of the cart is 10 cwts. 

3 A special cart fitted with robber tyred wheels fitted on roller bearings The 

diameter of the wheel is fij'- The width of the tyre is 7". The weight 
of the c.irt is 7 cwts. 

It might bo noted that the same country cart used under items 1 and 3 was fitted 
with rubber tyrvd wheels, (he axle and the roller bearings used on a special cart. 'i'Jij 
weight of IhiS'Carl is 9 cwts. The draft required is nliout the sime as for the special 
cart fitted with rubber tyred wheels ns could l»e Ktn from the sl.slempids. 

The abosc three carts wre lo.ided s*i(h different loads siicli as 5 tnon to 30 cwts. 

The carts and the Ifrad* were drawn by a psir of bullocks on three kinds of roicis, 
n:., (a) hard level road, (b) steep metal rosd and (c) ka(ch.s miirrum level road and the 
draft was taken svith a dynamometer bs me.ms of a speci.il coiilriv.anee The results 
are given in the attached' statements A. B and C. These statements show that the 
ordinary c.xrt wheels fitted on half bearings base an odiMnlsge oier the ordinary wheels 
fitted with iron bushes in all cases and on the rubber tyred wheels fitted on roller 
Ivcaritigs in the ca«c of JeieJ concrete road only. 
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The draft on the meUl road for a load of 10 cart* , which the common country cart 
is exi*ected to wrry, is as under i — 

Lbs. 

Country cart wheels ......... SO 

Country wheels on ball bearings ....... 60 

Rubber tyred wheels on roller beonngs ...... 60 

This shows that the ball bearing country wheels and the rubber tyred wheels need 
e'^naj draft while the conntry cart wheel* n*ed the higlcrt draft. 

On a steep rnetal road, the draft for a loid of 10 cwt* U a« foUrjwi — 

I.b». 

Country wheels ... ...... 150 

Country wheels fitted on ball bearings ...... 110 

Rubber tjTed wheels fitt(\f on roller I'eannps ..... 130 

Here 4l«o the ball boannj whesU ne^d let* draft than tie connlr.s *nj the rubber 
tyred wh»el* by 20 j'er cent and 8 i-er rent rerjx^isrlj 

On the katcha l»rel murrom rosd roser^d with aand th* draft cf a 1 •*! cf 10 c»ti 
is as under . — 

L1-. 

Countrj' wheel* . 153 

Country wheels fittcl on ball l>^sring» .... l|0 

Rublier Ijred wbeeU on r»'ll. r I* srmf* . lf»t 
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STATEMENT <A). 
Hard Ltrii Bead. 


TarEoart j 

1 3fetal Boad. 

1 

I^ad In the 
cart 

1 Shop cart 
fitted ^th 
ordinary 
wheels 
weight 

10 Cwta. 

Shop cart 
fitted with 
ball bear- 
ing wheels 
weight 

10 Cwts. 

Rubber 
tyred wheel 
cart 

obtained 

from 

rontractor 

^eclBht 

7 Cwts 

Shop cart 
fitted with 
rubber 
twd 
wheels 
weight 

9 Cwts. 

Shop cart 
with ordl* 
aur wheels 
weight 

10 Cwt 

Shop cart 
fitted with 
bail bear. 
Ing wheels 
weight 

10 Cwts. 

Rubber 
tyred wheel 
cart 
obtained 
from 

;o»’tr*ctrr . 
weight 1 
rcwts. 

Shop cart 
fitted 
with 
rubber 
twd 
wheels 
welebt 

9 Cwts. 



Draft 

in lb. 



.I'Mft 

In lb». 


S 2Icri 

30— CO 

20—40 

15—40 

15—40 

30-70 

30 — If) 

25 — 10 

20—45 

4S 

30 

27 5 

27 5 

50 

J5 

32-5 

32-5 

3 lira and 

5 Cwts. 

40-~M 

30—50 

25—65 

35—50 

40—100 

33—60 

' 35—60 

30—70 

60 

40 

45 

43 5 

70 

47 5 

47-5 

50 

3 2Ia» ani 
10 Cwts. 

50—110 

35—70 

30—85 

35—75 

60—100 

40-80 

40—80 

40—85 

SO 

53 5 

57 5 

» 

50 

1 fiO 

60 

63-S 

o »r 

65->lt0 

*0— SO 

4tV— 100 

40-100 ' 

70—120 

50—100 

65—100 

60—05 

IS Cvrta. 

103 S , 

60 1 

70 

70 1 

05 

1 75 



3 Uen anil 
30Cwt». 

8O-1S0 1 

CO— loo 1 

0(V-llO 

«0— 110 

80—110 

CO -120 

ESEI 


130 1 

bU j 

85 

85 1 

110 

00 

_JiJ 

too 


Concrete road. 


Load in the cart. 

Shop cart 
fitted with 
ordinarj’ wheels, 
weight 10 i 
Cwta. 

Shop cart 
fitted with 
bail bearing 
wheeb weight 
10 Cwts. 

Robber tj^red 
wheel cart 
obtained from 
the contractor 
weight 7 Cwts. , 

Shop cart 
fitted with 
rubber tyred 
wheels weight 

9 Cwts. 



Draft 

in lbs. 


3 moa 

15—45 

10—20 

10—25 

10—23 

30 

15 

17'5 

17>5 

3 men and A Cwts. 

20—60 

10-35 

20—40 

20—40 

40 

23-6 

30 

30 


35—70 

15—40 

20—70 

30—60 


52*5 

1 27-5 

45 

45 

3 Men with 15 Cw ts. , 

40-90 

20—45 

35—85 

40—75 

65 

32-5 

60 

57-5 

3 Jfen with 50 Cwta. . , 

i 

60—120 

20—60 

40— 100 

50-90 

85 

* 40 

70 

70 


Note.— The top fibres ahovr the range of dmfts in Jbs. while the bottom figure girea 
tho average. 
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STATEMENT (B). 


Atrrtit M Ilpoi. 


IX'Sil in rart. 

Shop cart 
fitte«i with 
onlmanr wheel* 
wctchl 

10 Cwt*. 

Shop earl 
flttMl With 
liitl} brartnc 
wl)(o>1« weieht 
loot*. 

nohhef tpred 
wheel eart 
ohfain»«cl from 
the mtilractor 

7 Ot». 

Shop eart 
fitted wi*h 
nililier tyrivl 
wheel* weiclit 
OCwU. 



Draft 
frfV— 90 


<0—100 


po 

trt-.|6rt 

70 

00—1^1 




lift— l«o 

90 

fO— IM 

97-5 
lOO— ICO 

1 102*5 

lots— ICO 


150 

110—510 

120 

120—190 

150 

130—190 

130 

140—185 


Ipft 

no— 5«0 

155 

Urt— 220 

ICO 

150—220 

IC2-5 

ICO— 220 


25i 

160 

' K5 

IDO 


>»OTt«— Tlx* tb<*rtng**ofUr»fl>n Jl>». wKilx th^ )>Attomfittum pw th» 

wmp*. 

STATEMENT (C) 


A’«A'i J/wrrwm Jiimd f«rfrrrf «r»fA ^end. 


1 

Load in cart. | 

Shop rart ^ 
fiHe«l with 
onlmary wlieel* 
wrieht 

10 Cwta 

Shop rart 
flttral with 
hall brannc 
*rhee|4 weicht 
10 Cwl.. 

Rubber tj-ml 
wheel rart 
obtained from 
tho contractor 
weight 

7 Cwta. 

Shop cart 
fitteil with 

rubber tyred 
wheel* weight 

0 Cwta. 


«5— 100 

Draft 

40—75 

■1 

30—80 

2 U™ . . 

82 5 

67*5 

60 

65 


90—150 

CO— 100 

45—100 

CO— 100 


120 

80 

72*6 

80 


120—100 

80—130 

60—140 

70—140 


155 

110 

100 

105 


140—240 

150—160 

80—160 

1 100—170 


190 

140 

1 130 

135 . 


170—290 

lC(t_180 

110—200 

120—200 


230 

170 

155 

ICO 


Korx^The top Spires thaw the raDge of draft in lbs. while the bottom Sgure givea 
the average. 
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APPENDIX VIII, A, 


KoTBS oV SdBJECT 'Vn(A DEVIEW op the WOXX done on 'WATEIl HEQTJJDEMENTS OP 
CROP WITH SCCOE^TIONS FOR THE FUl CRC ) 

{NOTE BY DR. E, D. EEGE, Ctop Phystoloqttt, Sugarcant liesiaTch Station, 
fiomtajj'Deccttn, Padtgaon.) 

I The first 6V''tpmalie woik on ♦he water requirement of Indian crops has been 
done by Dr. Leather(l) and as these researches are a matter of common knowledge, 
it would be unnecessary to deal with them here In the present review besides the 
information on the water requirement of important Indian crops, researches on 
auch problems as the influence of the water table and the effect of irrigation on soil 
have been also incorporated. 

(1) Ji'irr.— Tn Bombay, Bensal and recently by '•inzh ard hu co-workers (2) in 
the Benares Hindu Ilniversity. attempts lias'e been made by pot culture expen- 
ments to determine the exact water requirement of the iice plant on dry weight ba«is 
These experiments have demonstrated that the average transpiration ratio is about 
the same in all these centres In Bombay the actual loss of water by transpiration 
during the compl«le life cycle of the plant has lieen sho>vn to epual about 25 inches 
of rainfall while Singh and his co-workers (2) have calculated the exact water require- 
ment of cron both for transpiration and evaporation to be 27*4 inches These 
workers could get a normal growth and yield of crop bv maintaining the moisture 
content at 20 to 21 per •'ent of the oven dned soil This experimental evidence 
leads one thus to doubt the necessity of extremeK 'vet conditions or submergence 
of the nee land during the part of the growth as is the usual practice among 
the cultivators This has been rccenth carefully miestigated by Sen P) at the 
Calcutta University who has found that flooding the field after transplanting for 
*bout 3 weeks for early varieties and somewhat longer for late varieties followed 
by subsequent dewatering is beneficial to the plant This temporary’ submergence 
of the land is specially beneficial to the growth of llie tillers Later on, however, 
a field with sufficient moisture but no water standing in it favours tillering while 
water definitely suppresses it. Standing water on the other hand increases the 
height of the plant and does not seem to affect the plint adversely. It is suggested 
that water prodaces and mamUms a certain texture and temperature condition of 
the soil snitable for voung seedlings during their e.vrlier stages of growth. Subram- 
anyium (4) maintains that swamp soils provide certain constituents which are not 
available in dry soil, one of these being silicon He thinks that if the nature 
of these substances released during the swampy condition is determined, it may be 
possible to provide them to the plant in dry soil conditions Bai,(S) on the other 
hand has shown bv pot cnlture experimcnmenls that in the heavy soil of Central 
Provnnees, nee crop showed a better growth uUen not submerged m water. The 
behaviour of the medium soil Ins Wco of »he same type though it is not of the 
same order t 


A creat deal of field experimental work has been carried out under irrigation 
in order to determine the doty of water for nee. In Madras because of the big 
differences in the soil, it is as low as fifty acres in Coimbatore, about seventy in 
Taniore and nearly rt hundred in Godavari Further experiments are in progress 
varying duties for rice in order to find out the correct requirement for the 
Tni-riraum outturn. In Sind, expcrimenls conducted with different duties have 
ho^ tliat a duty of 45 was too little. 35 and 40 produced a good crop while 30 and 
nnder was found to be necessarily excessive. In Bengal, the amount of 40 inches 
♦rtfsl denth is held to be the rainimnin necessity for the successful crop of rice. In 
VlVsrire * experiments under tank irrication for five years have shown that by 
dr^Ming the supply of water only about 9 per cent. incrcJ'e in yield ha.s been 
^w-vVoed showing that the same amount of water could be utilised for irrigating 
♦ c the area with profit In Pnnjab, the Khal Kiiri sjstcm of irngation is 
twice about 25 per cent, of the water. Lowering of the transpiration 

rice has been obtained m Bengvl Iw iii.inuring with phosph.itcs and it i« 

, 4U,, jn years of deficient rainfall iiho«plntes are particularly helpful in 
*”Auring a crop’ which would otherwise suffer from shortage of moisture 

c-..m.‘fipint varialtoo in the water renuirement of the varieties has been observed 
” n • n-orkers Smch and his co-woiker« (2) have shown this to be mainly due to 
rc in the length of the age cvcle According to them efficient 'varict-'cs 

lA .borten their life cvcle in order to mit short tli<i u«p of water to a minimum 
^\t''''iahour it has l>een fuithet ol.aervcd that late \arietiei al«o require n higher 
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tntninnim n)oi«luie cmtent in Jhi* »ojl for the itJcCMsful growth than the tnediam 
or rarlv xanrdes. Morphological etntUca showed that tho cuUureSi which stood 
the drought hcsl, had imallfr epidermal cells. 

Ai reg\rd» the prnwhc water requirement, Singh and his co-worker? j2) have 
found lliree marked i>eriod» of high water requirement, the first during the seedling 
itage coicnng a pcriotl of pl<ut ten days, the second during the prc flowering stage 
rovennc al*oui tw-cnly fiie davs and the third during tho period when the grains 
are forming covenng n space of fire to ecaen days. The last period of critical water 
roquitemcnl cxter.di over .i small number of days and tho cuUiaator will have to 
esercise hit proi*cr judgment to determine eraclly this period and irrigate the 
crop at the opportune tim< 

(2} H’Arnf.— llownnl .and Howard (*) ha\e shown that in Quetta as far as irn- 
gafed wheat is conccini.l tho ciiltirators apply from 20 to 50 per cent, erccss 
water than Us rcaiiirement and the»e inerca«"Hl number of irneatiuiia generally le.ad 
to the decrc.a«e ol virld hv about ^ per lent. One oi two irrigations hate been 
f'land <0 file optimum nqmrenent ErpeiimenU at Shihajahanpur have shown 
that the number of irrigifiois required fi-r the crop is dependent on the quantity 
of rejnfatJ during fater | tr* of summer (Septcmbei October) and during winter 
in n<cfmbcr-Jantiary If thi« is «uircicnt and well distributed, the crop jn,»y 
not require any e*tra iirigilion but i« such soa*ons n’-e raie, generally two 
imntipus wiih'bOOOO gallon* per irrignlion hate given the best yield It has been 
further found thei rrdurfion of ’he quantity of water below 60.000 gallons per 
irrigation is not condnci\o to good yield* Much detailed work ha* been carried out 
at the .Igrieiilfiinl ne«MreIi Sbatiou. Snkrand. in ^ind. both a* regard* the total 
de!t.a and its distribution a* well as the amount neco«<ary for milul soaking Ihe 
results hate dcfiintelv shown th.at the norm.tl and optimum field duty for this crop 
t« 200 Ifighce quantity of water does gite increiscd yields, but this increase is 

not proportional to the e'ctra water added On sweet lands 12 8 to 14 4 acre inches 

*re tiifficienl to give normil tield* while kalar lands require about IB" A 'arietal 

variation has l>een ^l«o ob«erted. CPU 47 giting as much yield with 12 8" a* Pusa 
12 16 5". It ha* I'een further found that provided -in adequate soaking doio 

for ♦owing porpo«e« is given, the sulrfequent distribution of jrngatjonal Tvaisr has 
not got much effect on fin.al tield« Singh and hi* co-workers (2) hate concludea bv 

? it culture eTpenments that the mimmum water requirement of wheat is only 8 S". 

he tariebaj differences are nov well marked In Punjab, studies 'in irrigation 
frequency m relation to motimg of wheat have shown that increased irrigation 
can«es mctling on poor ♦andy «ods only and not on rich soils 

A few comparatite trials on the suitable tanettes foi irrigated and dry traits 
hjvc been earned out in the Central Provi**<e» and Sind In the Centra! Provinces, 

P 100 IS found to be the l>e«t under irrigation and for the ordinary condition 

of dry farming This provinie u also condjoting investigation on the root system 
of air the larieties grown in the province which i* expected to be of considerable 
importance for the selection of the xanetic* for the different condition* In Sind 
under "Bosi" cultivation. A T 38 and C PII 47 are high Melding while Pu’.a 12 has 
shown poor performance On the olhei hand Pu«a 12 is found to be as good as 
C PJI 47 under irrigation 

^ (3) Cotton —At the instame of the Indian Central Cotton Committee, detailed 
mvestigations on the water requirement of cotton haxe been earned out at Lyalipur 
In P«n;ab and Sakrand m Sind Similar "todies aie ojso on hand at the fsogar- 
cane Research Scheme, Padegaon 


The Lyalipur experiments -which bnxe been couduited for nine year* hai© 
definitely shown that incrcwed yields could he obtained with hravier irrigations 
and that the fibre properties generally iroproxe with irrigations It has been ftirther 
found that tho first irrigation should 1-e pxen three to four week* after sowing a* 
the delaying of it definitely affects the yield while no irrigations are neces'-ary after 
15th of October for 4F cotton For late maturing cottons, nowever, l?ier irrigations 
would be a necessity The water requirement of 4F approximates 24 to 23' and 
sowing on ridges or m flat »' found not to in anv way affect it The Sind Fbysio- 
logical investigations which have been al*o conducted for similar long period haxe 
shown that while there is ? linear re!atlon«hip lietwcen the quantities of w.iter and 
yield, the barrage duty of 100 i« considered to tje the optimum as it is just Su<Jie}mt 
for crop growth without materially leaving any residual wafer. It Ins been farther 
found that the reduction of intervals lietneen waterings at the flowering and fruitin-" 
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ob8en-aUons‘‘havr 'that this increase in yield is due to a direct beneBk 
from the treatment which increases the efficiency of the plant in fruit production. 
The field experiments conducted by the Smd Department of Agriculture has 
given a satisfactory yield on a delta varying from 39" to 27" including raju 
according to the date of fowing. The sowing season of the cotton crop extends Irmn 
April to middle of June and the crop finishes off by the end of December. In 
Bombay, an experiment to test the efficacy of irrigations during July and August 
(the flowering period) at intervals of 10, 16 or 20 days on the yield ?jid fibre quality 
has been conducted for three j-ears at the Sugarcane Ilescarch Scheme, Padegaon, 
in comparison with the current method where one or two irngations are pven in 
July with no irrigations later All these treatments have given lower yields, there 
being a progressive fall in yield with the reduction of intervals between irrigations. 
This has defintely proved the existing system of irrigation to be the best for this 
tract. The testing of the samples of lapaa for the quality of staple by the Techno- 
logical laboratory, Matunga, showed no change due to treatments m the fibre 
properties Among the vanities, Bnnilla is considered to be efficient. In Madras, 
an irrigation experiment revealed that good crops of Cnmbodia cotton could be 
obtained by only two waterings applied after tho monsoon and the last time of 
irrigation is in the second week of December or early in Januaiy According to 
Singh and his co-workers(2) the minimum water requirement of cotton is 28'3", 
there being n wide range in the varieties. Out of the sixteen varieties under 
experimentation. Cawnpore 520 is found to be the most efficient. Two critical 
periods of the water reonirement have been observed, one during the seedling 
stage, covering about twenty days and the other during preflowering and flowering 
stages covering about thirty days 


(4) Stigareane — Before the starting of the Sugarcane Research Schemes in the 
different provinces by the Imperial Council of Agricultural Research, the only 
work of importance on the water remiirement of sugarcane had been cond^iicted 
at Shahaiahanpur in U P and at Manjri and Hadaptar in the Bombay iVesi- 
dency. This has supplied a very good basis for further investigations of the 
qew research schemes m these provinces. Singh and his co-workers(2) have 
concluded from their pot culture experiments that the minimum water req^uire- 
ment of sugarcane is 45" They have found that the varieties of sugarcane differ 
more widely among themselves in their relative water requirements than those of 
cotton. Co. 205 has come out as the mo«t efficient of all the varieties under experi- 
mentation The efficiency m the water requirement is found to l» directly pro- 
portional to the yield inasmuch as the grea'est efficiency corresponds to the maximum 
vield. Similar figure for the water requirement has been also obtained in Rihnr 
bv pot culture experiments. Thesv researches h.ave nl*© confirmed the varietal 
variations At Shahaiahannur, In the physiological section subsidised bv tho 
imperial Council of Agricultural Rese.-»rch. investigations in the mter-relationship 
of nitrogenous manuring, water duty and date of planting on the growth and yield 
of sugarcane are in procre««. The present Indicafions are that with low nitrogen 
m all sowing dale^ optimum vield is obtoined with medium watering while with 
nitrogen at 100 Ib per acre optimum return^ are obtoimble with considerably low 
water duty. The decreasing efficiency is observed of both nitiogen and water with 
delay in the time of planlinj;. Agronomic trials on the interaction of nitrogen 
and water *J*e also l>einc conducted bv tlie Department of Agriculture l>oth at 
Shahajahaupur and JIuMffam.sgar. The results have shown progressive increase 
with the corresponding incroaso in the number of irrigations, five or six irrigations 
being the optimum depending upon the sesson As reganls the quantity of water 
per irngation, EO.OOO gallons per acre seems to give better results througliout 
as compared to 60,000 and lOO.OOO The practice of the ciiltivafors to fill the field 
to the maximum at o.nch irrigation is considered therefore scry wasteful. Larger 
quantity of water is however found to bring in e.sjly maturity of the enne with 
increased per cent, sucrose. In Madras, experiments at the Anak.ip.nlle Reje.nrch 
Station have conclusively proved that with Co 213 r.nne, provided the J.ind recoined 
a deep cultiv.ition and lioeing to etort w-iHi. the number of irrigations could Iw* 
reduced to one with better yield* of the iiiimb*«r of irrigations iisiiallv 

given by the cultii.ilor* l«*ing 5 to 10 


In the Dcccan Can.nl tr.ict, sugnrraiie is grosvn entirely on irrigation, tho irriga- 
lional turns Wing aWut 33 to 60 dcfiending njwn tlic time of pl.nnting The 
problem of the judicious utilisation of water i, therefore, very important and 
IS being investigated in detail Wth by pot eidture and field experiment# at thn 
Sugarcane Research Scheme. J adegaon, aince its esUblishment Ip 1932 with the 
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•i»l>iidr fhjm Ihp »f ApricuUnr*! Re*Mfch. In tho field 

♦ tjwiTnenl*, •crorsUlT fn»*iUTr-l o( water am earned to the plot* 

Ihronjrt] bume pipe* ifin* entiffU elimmatinjj the lo«* bjr jM-pAC**. Tho three yenr*' 
inretfifttimn on the January pUntrd crop with the mannrial treatment of 150 lbs. 
N applied a* fn M»niri #1»nUtd methn.1 have definitely »hown that the treatment 
of TO* inrlodifig ramf»ll »r>uld f*H »l»«rt of the crop reouircmenl nnder ndverao 
rhmatic oondilinni while the rr>1imnin requirement (or all (he ecAaons for this 
manonal (reatmert it found tn i<e 95*. On the other hand in the quantitiea aboTO 
ITO* there II a definite lowering down of the phy*iotof;i<~il artirities at later staircs 
of plant crowth re»ii1lmc in the ricnificant fall In yield Thu i« traced to the 
leaehiftc dnwn of niUatei and a\*o to le»* utdiiaUoti of cake applied at earthing on 
dm* ai a mall of the >lnwine down of (he tnicTohioIoeical srtmiica of (he roil 
with heaiy df>»e* of water The interrelatieimhip of water and manure is clearly 
hroosht ««Jl indiratinff tho ne^nuty of higher manuring with higher irrigation. 
Trom the ilandpoint of the e]ua1itv of jful. however, higher watenngs are found 
to |•e^rflcia} a.! lhe*e haMen tho maluritr resulting m the improved (Quality 
«( juicr. A lirller ertlnnred with (he reduction in (he percentage of 

alkali Mill i« obtained in the treatment of 130* a* compared to all (he lower* 
wateringa 

It hai (•een further inferred from the toil moKture studies that whatever may 
W the imgstinnal treAiment. so far m it doe* not falls short of the 
soil Mturation the water otili»ed hy the crop in evo-tranipiration is 

* praetirtvlly the Mme ai it iv controlled hy the field water holding rapacity of the 
soil. The efficirnrv in the water requirement of tho crop for the different seasons 
u however found (a le* grratly dependent on the climaiic conditions, the most 
(svourahle season for growth showing th« highest efficiency The fluctuations in the 
subsoil water table u another factor which is found to inlluence it to some extent 
also. A definite TaneUl variation is also observed, the utilisation of water by 
Pundia l>einc m(i<h le*« tlisn POJ 2873: but from the study of its root system 
aa well ai its Whvviour during the stress period of summer monllii, it is considered 
that Pundia would require the maintenance of a higher level of soil moisture for 
«!s physiological activilv than the other variety 


The wafer requirement of the crop is found not to l-e the same throughout the 
life cycle of the plant, ii lieing the highest during the grand period and flowering 
stages and least during the maturity stage Out of thr«e the early grand pencia 
stige (miil*3Iay to mi<UIun-') iv considered to W the most critical period in the hfs 
of the plant. ‘ The adjustment of waterings according to ths periodic requirement 
would M therefore, an efficient tvsiem of th* distnbution of the total delta and the 
exjierimental evidence has shown (hat m 95' thus can l>e achieved by keeping 
a constant ten dtvs irrigational turn varvmg at the simc time quantity as per 
requirement Shortening (his interval during rummer (eight days turn) has not 
resulted in any significant improvement, whik* delaying the irngritional turn boyond 
len days (fortnightly irngationst dunng summer, is found to check the growth of 
the crop to a very grevt ^xienV. and even fegul.vr treatment later on does not 
accelerate the activity On the other hand, leading the crop to the permanent 
wilting stage; once during ifs life cvcie under either m April or Miv has not aRectod the 
yield The period required to etlain thi* condition varies between 21 to 54 days 
depending upon the vanefv and the physical condition of the soil It has been 
found that, irngation at the end of (his penod produces new fresh roots which eive 
a fillip to the physiological activities of tho crop, leading to its rapid gro^h 
Expenraents on the interrelationshin of water and manure which have been 
started recently have shown that while in general there is a stimulation of the 
vegetative activities with increasing doves of nitrogen, the higher doves of water 
tends to diminish it by hastening the flowering and the maturity 

(5) Of/.er crops— Singh and Jiis co workers{2) have calculated from their pot 
vulture studies the water requirement of toliacco, potato, oats, barlev linseed T>e.i- 
and mv..U,d .. 50 1, ZO-4, 8 l, 7 8, 6«, 5 6 knd 4-M .i. inch,, “w.to 
respectively for the whole of the life cycle At Nadixd m the Bombay Presidency 
a normal crop of tobacco is obtained on 7 S*". A great deal of fieU experimental 
work has l«eii done in Sind in order to fit the crops into the Kharif supnlv of 

normally on a delta 

^ “"li 21 reipectivelv The toUl for rape and gram ranges between 24 
and 17 acre inches, and for Jantbho, Tona and Ute sown mustard 14 acre inehea 
Aa regards the m^cellaneous and garden crops, ground nuts, tobacco, soya bLns 
potatoes, onions have been found to give normal yields on 34* .„!{ 

26- respectively Investigation, at the Dry Fattning Research Scheme, Bholipur, on 

/ 
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inxestiptior^ cii this proMem; anj it is considered, that for its successful 
elaeuiaticn Jt •.\ould l>o e'Scnml to «fcl\e a standard uniform method of field 
esperimentatioa and lec'id for each crop lor adoption ht difierent provinces as has 
hien dene for the trial of the sunarcane \aneties 

(cl tar fhe future — (1) It js evident from the review that durins; 

recent years, inxe.-ticatioiK are m progre'^ in different provinces on one or more of 
the imporfart factor* inflnencirg the v»t»i requirement of cixips. In olanning 
future iV'cajch, theiefoie, th* first prcrKjui*i»e -s the co-ordination of all the avail- 
able dita on sv'tematic Ki'is and the lijout of definite lines of investigation and 
record for adoption at ^a^lou* centie« Thi< vould he imite esscntnl for the 
generalisation on the influence of the v.moi- f.io'ors uhtch would eaentnally 
enable 0”e to da.te the water retjuiremeiit of the crop foi different soil types, 
climatic ccnilitiou*. etc. 

|2) The following j'rohltms cpt'Cifii to the caun! iriicn'ion would require 

inve*tifratiG" : — 

(0) As in the canil irnirilion the iri'ical factor i- the amount of water 

a\ail. i'le for the land, the mmmam v\ater leomrement of the crops is 
reci'iired to be determirud "ith iv msw to get the optimum outtnm for 
u given supplv of water 

(6) Tl’e influence of the raime of -^owing and plau'ing penods for anriens 
crop» O'l thf e^nomic-l .md efficient u«e ot »rter 
I (c) Be«ide« selection md Ircidnij; at imptoved \ ir.eties. introdiietion of 
new sp-^cit* f«T the httte> ’ I li-sitioji of wate- 

(1) L'rthrr.—Va^:\ >t"iuo»r>— CKmical ?cnes Vol 1 No* ^ and 10. 1909, 1911. 

(2) Sinjhs an,! Pro the Iiid Ac. Sci . I9i5, I B 472. 

f3\ Sen.— Ind. Jour, of .\cn i 1957. VI I, fS 

(41 Current Sviince. 1937. T No 12. 

(5) Hal end .Ifi'tff— Acne and I.i\e Stock in India. 1932 II, 454 

(6) Hovard nu! //ov'in/— rt.«i Bull. IIS, 1921. 

(7) Shaw a-id Ka-hi 7?a*ii.— .\cnc. .and Liv,. Stock m India. 1954, IV, 465 

(8) Questionnsire on conditions prtdispoMng to harmful scil s.aturatiea which 
may ultimstely re<uli in w.aterloccmc. 

Pi'f hfij'u* I at tht Ctiitral Hoau! at 

(9) 5in</1 end S!njh — Proc. Ind. Ac.n. Sci., 1955. JV B. 373 

In adddition the following ‘opoit* li.a\e been con'iihed — 

(1) Annual Beperts of the iVpt of AgTi. of aTno-i< p.CMiices. 

(2) Eoview of Acri 0} -ration* in India 

(3) Qj-*rferly Bulletin*. Co\t. ol India. Centrcl Irr Beard. 

(4) Btjvrt* of thj Manjn Evptl. Farm 

(5» Ncte On the E'BuiPt Fnm. l’oon-*» I91S19 to 1923 25. 

(6) A:inud B''p'r's of the .^ng’rr.ane I»e«earch S-i.erre, Behar, D. P. and 

(7) Repir.s of tl." B<ni'>aT' Dry Fanning Rf«»arch FcKen'p, ShoKpor. 
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of the previous year. A deBnite quantity of water was allowed to flow ( 
definite area and water was measuretl by Vnotch. Three duties, viz., 25, oU 
35 were tested, i.e., one cnsec of water was allowed for 25 acres and com, 
with an equal quantity of water allowed for 30, and 35 sores in separate blocks 

The following results were obtained — 

fl) The transplanting of nee w<ts> completed in twelve days with doty 
25, in seventeen days with a duty of 30 and twenty-seven days * 
duty of 35. The rapidity tvith which transplanting could be comi 
is an important consideration in the rice cultivation on innundat 
canals since nee fields transplanted after rains set in, have poor 
and produce crop. 

(2] The following quantities of water were utilised for raising of ' 
rice crop ; 

Dufy. Quantity of water consumed in acre Inches 



Soaldng dose. 

Maintenance dose. 

Total. 

25 

8-2 

40-6 

48-8 

30 

8-7 

47-5 

56-2 

35 

9 4 

36-0 

45-4 


The maintenance dose was highest during transplantatioo and 

decreasing towards the latter stages of the crop. With 30 duty, 

0 52 inches for first 66 days, 0 

mv ^ 0 24 inches for remaining 26 days. 

(3) The yield of crop «as as under , 

Yield per acre 

25 Md. Sr. 

30 i ' ‘ • ... 13 8 

3S : ■ • • . . U 0 

0 5 

good yfeS”could obUmed canals, normei crops with fa 

au adequate period and Wore rami ^ transplantation completed will 

better yield with 25 duty which possible to fc 

requirements so much so^thlt the provide water in excess of 

days The only advantage in 25 course had to be kept closed for ' . 

of entire holding could bo rapidity with which transplant: • 

it provided sufficient °ther hand the duty of 35 althou 

transplanting to be rather proW^ successfully, caused the period 

transplanted crop by rains. ^ith consequent risk of damage to * 

It is proposed to undertabo l i 

correct duty of irrigation in experiments to determine * 

^d barrage areas of Sind on m^joT crops in the non-l 

the same lines as the duly exi,enm«r,f^*^’ lands and under zamindari condition 
(non barrage area) carried o„l ™p i„ .be Felell CaneJ « 



APPENDIX Vin, C. 


Selection ol varilies lor special conditions ol gro^rth. 


(Xote rccci«d fitMn the CoTenijnent of Bibar.} 

Since the inception of Sugarcane Research Scheme in the Brorisce ese 
items of programme that has engaged special attention is the selecticn - 
for special conditions of grotrih. These special conditions are a corsil 
some of the localities. The studies thus conducted, year after year, Isr^ s’ 
prohlems of fundamental importance to cane growers and these 
briefly stated are : — 


1. Drongbt resistance. 

2 Waterlogging and flood resistance; end 
3. Usar tolerance 


Each of the problems has been tackled from all the possible asj-ete-in- 
Physiological, Chemical, Biochemical, Agronomiral, etc. The resulu km* srrr. 
may briefly be summarised as under — 

I. I>fouffAt resistance. — In connection with the problem of dronril 
t 3 Tes of root system have been observed »n sugarcane raneties 

(o) Semi mesophytic 
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as \M'n<l llrcak<^ or at phco fxi‘ 0 «td to high ninds. The jllustrations of the class 
are Cf>. 326, Co. 235 and Co. 205. 

Frf'in the ntovc it re-’dily follows thit as varieties possess different type* of 
wafer .ili*orption anil tondixiiozi svMcni^ they would naturallv can«e a v-arntion 
in their rel.itive efficiency of waW requirements With this in view water 
requirement studies have hoen exten^ivelT conducted at the Station under field and 
coTitrellt’d conditions which reyeal that lelative efficiency of water requirement of 
varieties does not hear any relationship to their capicily to resist tirouglil (Table I) 

Table I 

WattT Ttijint'in-nt nf ami Ihftr nlntue efi’Ctcnc^, 

Dry matter Total water Water require- Relative effi- 

Suh.plot per acre Io«9 pt'r acn« moiit of ciency of wafer 

reference. Tons. fonx varieties requirement. 


Co. 331 . 

5-3o 

253 hs 

47-42 

1-00 

Co. 210 . 

2-44 

2hl 0 

Ho 1 

0-41 

Co. 3Jt5 . 

2-103 

37(1 2fi 

HS.-3 

0‘40 

Co. 313 . 

3 354 

43s 02 

1311-OT 

0-30 

Co. 213 . 

3 71 

'*J7 7l> 

142 (* 

0-33 

Co. 233 . 

2-3C 

.107 Is 

loo 0 

0-31 

Co. 299 . 

1-47 

2t)2 24 

240 7 

0*27 

Co. 29o 

1 n 

274 12 

230 T 

0-2P 

B. C30S . 

0-3P 

l.«2 44 

344-7 

0-13 

Co. 281 . 

I I.’ 

4TT 4 

42.5 h 

0*11 


The results fiom iiolii <tie xonne- ii.iVF. (uiv«evet. indicated a high co-efficient of 
correlation (r-sO 82^0 066 -vontiolled >etx) between tlx jiclding power of varieties 
and relative officiencv of wi>t*-j reqinuinent* of \.iMclies Accordingly the above 
varieties can, then, be lirojdlv cbssifieu as — 

1. Jloit econoniKal— Cu 331 

2. Less economical — Co 210 Co 326 Co 313 and t o 213 

3. Least economical— ( o 281. ( o 205 ( o 285. Co 299 and B 630S 

Incidentally the contiollid weighmeiu set siiggesied p negative correlation 

(fsB --0'63 ±6 1737) between the mean relative tronspir.ition ratio of varieties aB|l 
their mean absorption cap.ivity This is in .Kcoidjiice wiih what was mslhematieally 
arrived ut bv Huber (JiaMmov — Plam in relation to water — 1928) that the proce«s 
of tmcspiration was not only coctrollcd bv the transpiring organs of plant, but was 
also influenced by its absorption system The mte of transpiration loss per unit 
leaf area also dws not be.nr jiiv rel-itionship to the relative efficiency of wafer 
expenditure j;cr unit of dry matter produced bv vajious vaiiettes since sugarcane 
rariefies do not differ very widely in lespecl of the water content of leaves. Under 
extreme conditions of drought the depression in wofer content of leaf hardly exceeds 
3-4 per cent, and the depression in the Xerophyfic one? is in no case greater thiin 
the sctni-mesophylie ones. 

SevcMl Physiologists notably Riistian woikers have shown that water content in 
the leaf prornptly nffects nict.-ilwlic activity of the plant Therefore, studies on the . 
mefiliolic activities of some eight varirtie* during nn advancing hot weather were 
carried out with n view to tiiid,-rxtnnd the connection l-etueen the rate of m“tafio!ism 
of plant* .-ind the drought re.*Mfant rap.acities of the varieties. The results are 
summarised in Tejde If ghert hrhve — 


T«ie 11. 

Sfiotrintj rrfultt cf .]frtaMlr tretnitif rtunny nn irdrirneiny /lOf itenthfr. 


rmed of oWrviflon. 


Co. 21<. Co. W?. 


2&1 irsTioicthJiir 
1031 . . . O-Oi er* 

llth >liv to 20 th 

5t»r IWt . . 0-M 

Kni Jtir to 2nJ 

Jnv tsit , . 0-81 , 

Sri Ja->» to 13lh 
/UO» 1531 . . O-Ct „ 


0 -cr .. 
0-«l „ 


Vaftflle* _ 

Co. SIS ' Co. 211 Cn.s il. Co Co JcT' 

0-72fc* o-7Sm l-oOec* 0 01 cc> 0-7* ers 

„ 0-74 „ 0*78 0-41 0-U 0-55 .. 

O'O „ 0'C( ,, 0-31 0-51 ,. 0-CO „ 0-J3.. 

0*St „ 0-Sl .. 0-2a O-C'^ 0'43 „ (’■53,, 


A following of the resalts indicates that the decrease m the rate of re*piratioa, 
as seasoa advanced and the conditions of drought became more intense, wea mote 
or less iniersclj* proportional to the dronzht resistant capacities of varieties. For 
instance Co 213 and Co 3S6 thit arc semi me'oph\tic showed greater decrease 
than Co. 531 or Co 526 that are Xerophjtic in natnre 

Similar studies were tamed out during senewnt phase of the growth of cane 
varieties Respiratory dctiiitv of root< and leases during that phase of varieties 
known for theii drought resi'tame had lower rate of rc«piralion of their roots 
than \8jipties of semi me«opIn tic nature (Table III) 


TlBLt III. 

MttahoUc activity of halts ami root’ dmiig tmt$e»nt groirth pAose of jfanf*. 

Varieties. Roots Lcaie*. 


0-059 CCS 
0- 107 cci 

0'120 CCS 

0 121 CCS 

0-2S7 CCS 


0-3<'»c 
0- 232 c 
0'222 c 
0-3'. r 
0 IPS Cl 


Co. 205 
Co. 285 
Co. 320 
Co. 210 
Co. 213 


Leaf respiration, howeier rid not sugce*i am such relation«hij. Ttie significaire 
of such results is self eaident fo» unWi' Verophaiic xaneties tow metsMir 

aetnity they would he unable to fo'cc iheir rocts dicp down into th» suh vnl 
during” a period of drought 

II Watcrlonging anti flood rtv’tonct —U has I.een sh<wn eloie that \ital aetinly 
of plant is linked up with the reaction that the varieties with diflercnt capacities 
to resist drought exhibit when ad'eiee circumstances come m e\ist In the prohleni 
of waterloccing and flood resistance also an understandng of the l^ehasiour of 
vital procAs is of supreme importarce The ehme gnen r*»ulis (TalU MI) are 
ectually applicable here for ‘'noot growtii-owgen relationship h an imi*ir1ani 
consideration when sanetie* haii to contend against Jefeimi iiygm supply around 
their root system Jloroisn the rate of inlaKe «f water i» regnlsird neeofdinz to 
the energy ’generated liv tlie proees« <,f respiration .\ sane-, c,nh liwe- rite of 

respiration will natiirnlli take up ai a m-re well legulalsj rate than ■ la/ie'v 
possessing high rate of respiraticm and >n *-onse«)wenfe aimd esre., intaVe Tins 
ll is that Co 203 Co 285 .md <“o 226 that i-isies* low,, nf fes|.ir»ii, n ir. 
able to Withstand condiiions ..f l-rolonged »' sl*f logging ant flrr.t will mt an 
aigniflcint injury 



T<''TCTit r? VtiT ci Co rautttts ii dfftr.ilry erdir. 


\r to’ersnt- 

Tolerant. 

Hicily sosoeptiilr 

Ca. 3i3 

Co 210 

Co. 2M 

Co. 

Co. 291 

Co. 3'>3 

Co. 

Co. 331 

Co. 340 

Co. 315 

Co. 371 

Co. 213 


Co. 312 

Co. 349 


Co. 33S 

Co. 343 


Co 313 

Co. 373 



Co. 251 



Co. 299 



Cb.2H 



Oa. 3T0 


Tie root* of tsnrcaae wer^ toand to grow rcnaaUT witin a raare of pB 6_1 
to 7 7, tie ralaw t<lotr -•c**al:t5- telliaj rare advf^^fIT liaa tiose acove K 
tritia liii faaje Ail ralae* beyoad tiis nrce wer? lotic to • %iryis; <5*5*^ 
la ‘rsar* eoilj rects were foaad to be ncre ’brsaehej tt deeper layer? ard tie 
lateral* coaparatirelr lijcker Flacc:ditv at erds: rrrfn»e Iraaeiiaa in tie ea*e 
cf earfart rooa aai redieaiaj of roots ties *nti 'swclbaj lehird tiea; slender 
aad E‘a2Te defelopateat o? laterals ia deerer I'Ters tT*te setae of the ehartftens’te* 
fcnad in roots in acid ctsltores. 
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APPENDIX Vm, D. 

Water requirements of crops and an appreciation of the 
present position, with suggestions for the future. 

(B S- L. JAI CHAA'D LUTHRA, I.A.S , Profaiar 0 / Boimty, Pvnjal AynniKurcl 
CoUtyt, LydJpur.) 

Xo renilar work on estimation of water reqniremeats has been osdertaken here. 
Some preVuninary work on the deteminition of rate of transpiralion jn AEien"at 
cotton was conducted in 19S5 4-F type of American cotton (G. hirsntnm) wa« 

taken for the study. 

1. The following is the brief account of work done in thU respect r— 

The rate of transpiration was compared with evaporation and tnaxunam lempiera* 
tore. A high correlation between transpiration and these factors was found. 

With the increase of soil inoi*tnre, there is a definite increase in the total trail 
piration and in the leaf area. Transpiration rate is 30 per cent of evaporation rate 
dnrinj, SepiembeT, when maxiianin leal development is attained, and 31 per rent, 
during July, when evaporation is very high. 

Xearlr 2,076 tons of water are lost by transpiration from an acre of cotton crop 
donng the period of growth. Total water applied to the crop is e«tmated at 
about 2.837 tons 

Nearly l/3rd of total water transpired by a cotton plant is lost in the month of 
September 

Masimum transpiration occurs in the afternoon between 1 r«. and 3 r*. 

2. Experunents on water requirements have l-een bid out a*, tbe Dry Varru-g 
Research Statiooi Robtak under the Dry Farming Rrs*arth Scheire of the lopenaJ 
Council of .^gricnltural Research This inve«ticatio3 is ^ne cameJ on on /v«rs* 
(Andropoyon toryhum) and Dffjra {Pintiftium typioWrum) Results *o far oVai"’»d 
art as follows 

In Joicar, water required for producing one gram of Jrv rra'ter ataojuti to SSI 
e.c m medinm 'oam and 3(H c.c. in heavy loam In ca«e eJ Rajta, the *—.i.u3*s are 
303 c.c. and 320 c.c.. resoertivelv 
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APPENDIX VIII, E. 

Water requirements of crops — ^influence of date of sowing on 
yield of paddy crops in Bengal. 

(D N. SEX GUPTA> Exeeuttie Engineer, Bengal.) 

^ij The subject o{ the water reqaiiement of crops i e. the dutj is \ery impoitant- 
in connection with preparation of irrigation projects The Agncultmal J^epartmeiil 
of Bengal have studied this mattei for the piotince But more inquiry about it is 
necessary to find out if the requirement is changed with a change in the date of 
sowing. In Bengal gieatest demand on artificial iingation is felt in the month of 
October, when supply in luets is considerahlr reduced. Experiments m Sind show 
that early transplantation in June gives better yields It i» a matter to be seen 
also, if early transplantation in Jnne pioduces eaily matuiitv and the demand of 
water in October is reduced thereby 

{li) Usually only one ciop is grown m the fields m Bengal But l>y a suitable 
adjustment of time, it may be possible to glow both a khaiif and a labi crop in 
a field If maturing of the kharif crop can be obtained earlv, a late variety of 
rabi can be groivn on the field. Particularly in projects v ith «torage reservoiis, 
there la likelihood of surplus water becoming available for rabi irrigation in years 
of good rainfall. Bengal soil remains fairly moist for sometime after the rains 
There aie many rabi crops which do not lequue much more moisture With a little 
irrigation such crop« could be brought to maturitv. What these crops are, their water 
lequircment and econornic value should be studied In Bengal although the sod is 
fertile and rainfall copious crops particularly in Western, Central and Northern 
Bengal suBer occasionally for want of xvater due to the erratic distribution of 
rain. But it is difficult to make any inigation project a good paying proposition 
if only one crop is grown On account of the perm.iiient settlement no credit is 
obtained for any impiovement m land due to irumtion If a good second crop 
could be groivn, the position would be entirely different Tbi- matter is, therefore, 
of very great itnportfinee to Bengal 
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APPENDIX IX, A. 

Notes on Subject VI (A review of work done on crop protec- 
tion, an appreciation of the present position, with sus- 
gcstions for the future . — 

(a) with reference to protection from wild animals. 

(b) with reference to inesects. 

(c) with reference to fungi. 

(d) with reference to parasitic flowering plants. 

(e) with reference to effects of climate). 

Crop protection from wild animals. 

AV. .T. JUKKINS, ^t.A , B Sc , I A S Dirtctor of .\Qr\e\iltUTt. Uomhay Prt^idincy } 

A (1) — It will l>e conicnic'it to take as a staiting point for tlu3 

Nole, the Report of the Commitlee appointed b\ the Governmeat of Domhay in 
1922 to consider and adopt meatnies for tU* protection of <rops from mid aniinaU 
and stray cattle Prior to 1922. the .tciic.iUoial Department liad done coii'icJt table 
work m the orcantratwn of “'hikai ' partiet foi the destruction of 'Mid pi^ nilgai 
etc, mainly in the sugarcane groumg aiet* It heesme ohuoas hoaeier fhtc 
adieu on a much greater scale "3« nece*«ary e'pectnlly in the tracts adioinmg , 
forests, and the position wa* fullv di«cii««ed at a meetins of the Bomhiv PioMn- 
cnl Board of AgTicnlture in 1921 At this meeting a iccommendation wa« made 
(or the C'tatli'linient of a Conmittee "Inch a' nafed ahoie '-a* formed m 1922 

(2) The mam recommendations of thi« Crop Proteclmn Committee are giaen here 
tinder 

"(a) The direct damage annualK done to crops bj v/ild nigs and associated 
animals is estimated by the Committee at s.event' laMi* of rtipes' in 
the Bombay Presidenc.v* and i' increasing The indirect dimage doi-e to 
the country due to lo'S of |>opulation. reduction of enltnation incieased 
unhealthine«s of infested areas and the like cannot be given a mon'e 
Taloe, but if this weie attempted it would mean an annual figure of 
several crorea of rupee' 

(ft) As the eradication of the destriKtiie wild animals mrt particularly of . ild 
pigs is impracticable except in special the methods adopted to 

deal with them mu't he e««euti‘ill' designed for the ■pfottctior of 
crops from damage 

(c) Though extermination of wild pig' seem- at pie-ent impo»"ble there is 
no pea«on to snppo'e that U "ill ne'ei t>e >k> if the hubit' of fhe'e 
animals are Letter known Tt is re<-oinmende f that a ipen'allv suiiahte 
officer should he deputed to «tud' the wdd uig in its own hahdat for 
some sears in order that the weak pointa at which it <nn be attacked 
may be a«certained This will co^t po'siWv R. 2OCO0 ner annom and 
the study «honld last at least three sear* 

|J) The finis- reallv «ati«faftorv method of pmtecting crop* from wild animsl* 
and e'pecialls- from wild pig i* hv fencing Tins mas lake the forn of 
a drv stone srall or of a »necialJs woven iron fence either of which 
can he made under smtable rir(nim«tances fand in the former ca«». if 
'uitable stone* are on the «potl for Rs MOO to R* 18^X3 per ynnni 'g 
mile 

(e) Such fencing except wi*h verr a.alQa>>le cron*. mn*t be the fencing of 
large area nn to 1 000 acre* in order to rednre the fo*t per anre 
(() Where cultisator* are willirg to fooneiate to biiiM «nch fenc*« 

«honld be freely given for the narpo«e The model bve 1iwi reeentlr 
t«iied bv the Registrar Conoerati'e *:viefie, f^- si,rb a co-oper-itief 
effort are corrmerded ‘ 
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(g) Where the whole of the culthators are not willing to co-operate ic 
carrying out such fencing schemes, legislation should be mdertaVen to 
provide that if the owners of 75 per cent of the land are ready to 
bear their share of the cost and of maintenance, and if Government is 
satisfied of the utility of the project, the remainder of the land owneis 
should be compelled to eontnbnte. 

(^) Government, ns the owner of the forest areas from which the wild pigs 
came, should accept a definite liability towards the cost' of the construe 
tion of such fences, when they are properly designed and conducted 
under supervision. It is suggested that such contribution should be one- 
fourth of the cost The remission of half the annual assessment for 
a number of vears where such schemes are carried out is worthy of the 
attention of Government as an alternative 

(i) Expert advice and assistance in the constraction of such fences should be 
given free of charge by the agricultural officers of Government. 

(/) Other methods are palliatives but are nevertheless important. 

(i-) Guns for crop protection should be allowed as freely as possible, parti- 
cularly in tracts infested with wild animals It I's recommended that 
such gun licenses should be issued to any owner of ten acres of land or 
more on application and free of any license fees 

(?) Guns for crop protection should not only be held bj individuals but also by 
villages as a whole the guns being in charge of the village panchayat 
(where such e.vists) or of the village officers Where such communal 
gun* are held in a number of closely adjoining villages a man should 
be attached to the local police th.aaa to inspect them and see that they 
are kept cle.an. The issue of communal licenses should not be held as 
a reason for reducing the number of individual licenses granted. 

(ffl) Gun licenses for crop protection should l>e granted with the least possiblo 

del.ay, and by the prant officers of the district Inspection of gum 

held under Hcen«e should be done m the villace where they are held 

{«) The policy of giving lewards (or killing pigs now in force should be conti- 

nued Success in crop protection with guns cannot, however, be 
measured by the numWr of pigs killed Everything should, however, 
be made as o.isy as possible for those who kill pigs to ehtaln rewards. 
The Committee are not sanguine that the exten«ion of the system of 
giving rewards will mike an appreciable lontribution to the solution 
of the problem 

{o) The orden reg.irJing the cleannce of a wide strip of land round cuUivi 
tion in forests contained in Government Rrsolution .Vo 414 of ApAS 
7, 1922 (Revenue Department), seem eutisf.ictory in this matter. The 
culln.itors should be given as«istance iii the original cleiring of such 
strips, and cnlttvation should be allowed on such strips for two yeirs 
,ifier the ' cle.iranc« commences 


(P) 


( 7 ) 

(0 


The use of poi<ons has given nromising results more e«i>eeially in the 
protection of the more valuable crops, and not a« meins of protect- 
ing lerj- extensive are.i«. The me of poisons fnrscnic and strjchnifie) 
should l>e done sistemafically under the control of n responsible person 
or l<o'ly of persons. If this is done there iloes not seeni much hkcUhood 
that their u*e will be a seriom d.incer to domestic nnimitl* N'o reitrio- 
tinii should be made in the distribution of poiiom to such responsible 
bodies of persons. 


f?-e mo*t efic/ent war of iKing i»l«oni .mil prep.irinc poiioii bails should 
Ive further mirstizated by the .Xgricnltural D-pirtment 

that iioi«''ning on nnv ordinary sc.ile will not 

whoK thev R 

IV.bi not do so (except near the Kanara lorcs‘s) if Government would 
worthy of consideration, as it would probably pV 
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(s) As regards hunting m the forests, the eTtensioa of the rnles issned by tt» 

Collector of Kanara on March 10, 1923, to other areas than those ipeci* 
fied in the order should be considered, and is recommended so far as it 
can be done consistent with the protection of forest property. All 
anch rules should recognise that the agricultural interest is paramount, 
and that if any animal is found to do serious agricultural damage, this 
fact should dominate the situation Ifnnting of wild pigs organised or 
unorganised, should be encouraged eversTrhere 

(t) In isolated tracts like the Beccan Canal areas the wild pig pest can be 

kept completely in check at a limited cost by the maintenance of hunting 
parties. It is recommended that two such organised hunting patties 
should be maintained for the Deccan Canal areas, at a cost of Rs 5,000 
per annum for five years, and should be employed in these areas proridei 
the cuItiTators will pay half the cost of their miantenance, under the 
control of the Agricultural Department 
(«) With regard to the trouble with deer and antelopes, the Committee can- 
not make very definite recommendations, but wish to draw attention to 
the increasing seriousness of the trouble and to the need for a special 
inquiry. 

(v) Wild elephants are a serious pest m a limited area of Kan.ora and Delganm 
Adequate rewards should be o^ered for their de<tniction and if this 
is done, they can be eradicated or driren away from cultirated areas " 

(3) At the Meeting of the Board of Agricolture, held at Pii*a in December 1925. 
the Question of the protection of crops from damage by wild animal* was included 
on the Agenda. The Sub-Committee, which dealt with this subject, took a* a 
basis for Us discussions, the recommendations of the Bomiai Committee In its 
Report the Sub-Committee stated that damage to crop* by wild animals appeared 
to be on the increase in a number of areas though b> no mein* generally. ■I'l 
where such an Increase was noted it was usually doe to— 

(1) the increase of the cultnation of ioten«ive crops such at logarraae asd 

groundnut, 

(2) the more strict reserration of fore«t and jnagle areas, 

(3) the prohibition of shooting of certain animals bU Lsra iimha, nilghai, 

sambhur, etc, which tends to the increase of other and mere lajonoai 
animals 
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the "Gun Club" movement whKh will be ine3tion''>l later. Eiper.menhil worn oa 
the poisoainjr of wild ar.UDal'. was conducted but, largely owing to the danger^ to 
human being« .lud (lome'lic Inc'-tock, thi« method of att.ack has leen abandoned 
Ftnctng . — Since 1923. the otgannaiion of the con-triiction of fencing and of 
etcce walls for tl;e proleition ai crops from wild .mimals was taken up ^igo^oasly in 
the Southern Division of the Presidency R.io Bahidur S. S. Silimath, Deputy 
Director of Acnciilture, Southern Dm«ioa, has d»s.rilcJ this work in detail in 
an article jinbli'lied in the Aarirnlt 're’ J-mn „/ ftuh'i, Volun.e XXII. Part VI 
fX’cveinber, 1P27). which de.il< with the a'thzaticn of ‘tone wall* for proteofioa 
])urpcses. It w.'i« found. ho\\e\er that th«* co*t of the «n‘h f*on-» vall« amouT»d 
to about R« 1.400 per running mile and that the\ leqmred c\'>ntini"'ii« attention 
and rep.iirs for pioper naintenan e Acnrlmglv more ittention giien to ‘be 
nsc cf pig j ro-if wo\en wire fencing l.nt , •o«* of .d-out E« 1500 per running rule) 
ard all further schemes were 'ained out with th'^mi'end In all in the Soutbera 

Divi‘ion of the Pre«i'lencv 26 mile* of '‘one c*all‘ and 60 mile< r.f woven wite 
fencing h.nve leen erected under loopentire fencing »fhcm"« prn*e*ting fu area 
of 1.51.000 ac’e^ of crop* A 'iind.nr wocen wire fence wa« con'trncted at R’'.idr.e 
in Ve't Khandedi ,nt a co-i -.f R« 6 000 but this irei'ure did no* find mnrh favour 
with the cnUiiators prolnbh on acronnt of the high inittil co«t involved the 
cnmparativeli «hort life of the fen-e ml 'he •.m<'au* lepaiis ref^uireil It app-’-irs 
ohvictu* that siwh a me’hod -.f p»..*^ci»>n i* •■nU f. i-dl* md e.-ommical m the ca'e 
of compact area* of t’nga»erf crop* and annnt be .applie 1 on .an ftten^ivc «?aV in 
jirrynt trret* 

O’in r/itf'*.— 'Vith the pp •iiiteiir-nt t « •‘pecnl •*hi\ar '‘‘’‘•er undm the Dire ter 
of Agriculture. Borih.ay Pie«idenc\ in 1924 .'»D<idei.ibIe irapetu* wa> gi'cn t.o the 
oicamzation of sbik.'i piitiC' i^mi't wild luimal* 'imnh pig Tlu' ba* given ri-e 
to the deielo'im^nt cf Gut tlu* m • i» iffei’ed Tact- which tnoiemect 
proaed ino't popular with tK i i . .t t- .rid -i... fi. i nui* m dr 'ling wi'h tb** 

trouble 

A copy of the draft rule- id-'ptel t.>r G.m ' I il ' in 'he '*ont*ern Divi«icn is 
ntlfclied lAnrevure II br.e^ .ac'omt of the progre-* made ly the«® org.nni2ation8 
i« given below 

(n) 4rtt<fAtrn Drrifon— Later it was found \era- uitficuh to collect sliare capital 
leonired for fencing scheme* and hence an attempt was made to start Gua-Clnhs 
TJiese Gun-Clubs were orgamred ’or hutting and <hootmc will pig«. and th*v have 
l>eeii working «ucce*sfully. The mt^mWr* of th.- Gun Club* are iN cultivalors of 
the villages, who. however, ate not required to pnv anv fe*s towards their memler* 
ship, but only to give their personal labour to organise the huntir** partie* with 
gun*, dogs and spears Such Gun Oub* hare been organi-ed mo*flv in the fore-t 
village*, along the border tract of the Kamra Dharwar .and Rel'gaum D.^tircts, 
vhere tbe pig trouble has been found to b^ *erv severe 16 group Gun-Club* have 
been fwzani*ed in 172 village*, and an .area of 60000 acres of crop* i* beirg pro- 
tected. More than 1.500 wild pig* have been killed -o far and a good imnv have 
lieeri scared awav. As a result of the woik of the*e Gun-Club*, it i* being evert- 
enced that the wild pig* are gradoallv Ie«*ening in number in the area of the Gun 
Clr.b* and the damage cau«ed to crop* i- abo di-^appearing The Riin-Clnb orga- 
pi'atio"* are found to benefit the cultivator* indirectlv a* well, in that ibe night- 
watching of tb® cron* i« being dispensed with »ho- allowing t^em more re‘f and 
t eft*- health t>’an before In cdiiilion the onbi\-atar» in 4 of th* Gun Club viJlag“. 
iMv- Icon able to plough alw.iit 1500 acie* of tbe fallow land hing iincnllivated 
on accnnnt 'if pig trouble, and are at pre*ent bringing them under cultivation. 
Croj* lih® groundnut and »weet potefoe* which were subject to great damage before 
Gup Clubs, are now being cultivated with sncce** 

The Gun-Club activities are being well appreciated bv the cultivatora and the 
demand for «ucli Gnn-Clnb* i* fa»t mcrea«ing 


.nth . It .1) 1 fl- Its centre, came forward to nrgani.e a tnin clnb for sv-teinatic and 
retro ar hnnt of Pm. and A OTo-elnh wa, f„n„ed with 10 v.Uafee ar it. 

rnn.t.tnenle. Each .illace ha. i|. nn.ll Committee to rai.e fnnd. aod to ofi.l the 
hontma p-rt.v .rhencrer it eoraes to the rjllace area, A Central bodv, on which 
representetinn Imm each ot the ten 1011.50. wa. ohtained. wa. formed for the whole 
group In the hr*t v®rr of th® operation* some subscription from well to-do ntl'iva- 
tors only was collected and the Di.trict Village Improvement Committee. Es^t 
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Special Shikar Officer with an adequate staff should be appointed by local Got- 
events who will be entrusted with (a) the organization of "gun clubs and [b) 
the Bupervisiou of their work in the field and forest. In certain tracts, adjoining 
forest areas, this \^o^k shoold receive pnma^ consideration from Tillage Uplift 
Committees as the success of "gun club" aaivities results not only in better profits 
from crops but m an increase in the general standard of the health of the villagers 
who are thereby relieved from the work of crop-watching by night. Gun clubs 
must receive financial assistance from Government as, in most cases, their need is 
felt most strongly in semi-forest tracts where the cultivators are poor and very 
uneducated Such assistance should take the form of the supply of guns and car- 
tridges rather than by cash donations It is possible that a cheap snpply of 
ainmunition might be made available to such organizations from Government 
arsenals. 


Licenses for crop protection should be issued on 
Licenses tor crop proteclion P™""! to responsible 


much larger scale than at 
cultivators and the Forest 
Department Rules regarding shooting in reserved 
forests should be considerably relaxed in areas where reliable reports of crop damage 
from wild animals are received At present, such permission is only given up to 
the Slst December from the 15lh of June This period should be extended to the 
end of February at the earliest as, during the months of January and Febrnary. 
cultivators have more leisure time for forming shikar parties and, in addition, the 
present limitation on hunting after the Slst December greatly limits the extension 
of the cnltivation of valuable leguminous crops, e peas, lentils, gram, wal, etc, 
as a second crop after paddy in many areas 


In the past, parlies of military have been utilised for the hunting and destme- 
Co-operation of Police. animals in certain are.a8 It seems to be 

^ worth consideration whether such work could not be 

incorporated in the annual training of armed police m the districts Here are a 
bo^’ of armed men, who are provided with ^ns and aramumtjon and who have 
to undergo annual training m their use I suggest that the destruction of wild ani- 
mals in the jungle would furnish a better training, more in accordance with the 
conditions under which the armed police normally use their weapons, than by firms 
practice at targets on rifle ranges 

With regard to fencing, this method of irop protection i* of limited applira- 
Fencing. should be applied to compact areas 

of valuable irrigated crops where the cftltlvatoPs should 
be induced to undertake co-operative action for the protection of their crops by this 
method. There is much scope for research work into the cheapening of fencing 
maten.'ils and construction 

The recommendations of the previous Doard of Agriculture Jleetincs regarding 
Research work. the appointment of a Special Officer for research 

work into the life-history and habits of wild animals 
which cause damage to crops, should be given effect to ns soon as possible Verv 
little appears to be known regarding the habits, routine, etc , of wild pig. etc', 
and it is more than possible that this lack of information results in effective methods 
of control being neglected. 

There is much scope for orennised trapping — and subseciuent destruction — of 
Experiments on trnpping. nnim.sls on the corral system in areas where 

i:,xponmc j i numerous and c-anse much damage to crops 

In this connection. I give below an extract of a letter from a laic Conservator of 
Forests, Bombay rrcsidenc>' 

"A tank bed or similar places where pigs come to wnllow at night is chosen 
and fenced aronml. The fence is usually constructed of coarse grass 
held together by strips of bamlioos or stakes. This fence is not at all 
strong, but looks forrohlible. Wing some six feet high and thick enou -h 
to look solid. An opening not more than 6 feet wide is left at one plae» 
and the pigs soon git necuslomcd to entering and le.aiing by this The 
opening ln« a stout fence on either side for n length of 20' feet or so 
rarallfl uith the o|iening and separated from it bv one of (he«e stou* 
fence* is n trench some 15 to 20 feet long. 4 to 6 f'ecl wide and 8 to 10 
feet deep This trench has a stout fence on both sides and at both 
ends, and I* concealed by a Miering of thin branches and le-avos One 
night when a number of pig* have entered tlie enclosure, tlie stout fences 
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Dutits of the Suh-Committee. 

It will be the duty of the sab-cominittee — 

(1) to organise the programme of bunting as allotted to it by the Central 

Committee; 

(2) to inform the Central Committee of the actual work done through the 

Police Patil or Secretary; 

and 

(3) to carry out all operations as set out by the Central Committee. 

Control. 

The Deputy Director of Agriculture of the Division will control all the opera- 
tions of this club and will send copies of monthly reports received from the Central 
Committee to the Collector of the District and the Divisional Forest Officer of the 
Division and will consult them when necessary. 

Guidance. 

Mr. P. N. Bhide, M.Ag., Shikar Officer, Poona, will guide the operations of the 
club. 
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APPENDIX IX, B. 

Protection ol crops from wild animals and birds. 

(KHAN BAHADUR Jf. MOIlD, AFZAL IIU,SAIN, Entomoloyist to Government, 
Punjab, Lyedtpur.) 

Mammals — Of the three msm groups of animals nhich are injurious to field crops 
and fruit trees, that is mammals, birds and in«ects, the term wild animals may saitabiy 
be restiictcd to the mammals. 

Pen'eir . — The subject of crop protection from wild animals was discussed m a 
meeting of the Board of Agriculture, held m Posa in 1025, when the foUovnng 
resolution was passed 

"The Board recommended that a specially suitable ofTicer should be deputed to 
study the life history of wild pig in its own habits for some years m order that the 
weak points at which it may he attacked, may be found ont ’’ 

The matter was again discussed in a meeting of the Board of Agriculture held in 
1929, when the following resolution, with the amendment that ‘the scope of enquiries 
sbonid be limited to mammals only' was passed — 

"jResolTed that the Board of Agriculture draw attention to resolution 
^0 4 of 1925, Board of Agriculture recomraendmg that a specially suitable officer 
should be deputed to study the life history of the wild pig and recommend that the 
scope of the enquiry be extended to include all auimals other than insects which do 
extensile damage to crops The Board further recommended that a special officer 
with necessary staQ be appointed to inrestigate the whole question of the protection 
of crops from the depredation of anid anunals." 

The list of mammals which were considered of sofitcient unportaDce to demand 
attention were the following 

Elephants, Wild pig, Peer of tariow« Imda, Neilgai, Joelal. Porevjnnt, Monl,ty, 
Hare and liatt (Those in italics were considered of special importance). 

The Provincial Board of Agriculture. Punjab, discussed the problem in the 3rd 
meeting of the Prorincisl Board of Agriculture held in 1925, and realising the 
importance of field rats passed the following resolution — 

"The Board are of opinion that the rat problem in the Punjab is very serious and 
deserves immediate attention and accept (he proposals outlined by Mr M Aful 
Husam’# note and recommend that (he Government ite pleased to take necessary 
action ” 

On account of the scarcity of funds tbe matter did not receive any further attention 
and the question was further discussed m the 5th meeting of the ProMneial Board of 
Agriculture held lu 1929 After an elaborate examiuation of the situation, the Board 
agreed ivith the Director of AgncuUnre, Puuiab. to approach the Government for 
sanction of temporary staS as outlined in the proposal made in 19^ Financial 
stringency, however, again prevented the matter being taken up 

Towards (he close of 19M, tbe Government of the Punjab recogni«mg the importance 
of rat control, from the view point of public health and agriculture, approved the 
propo'il for a joint nmpi gn lo be carri-d out by the Department of Public Health 
and Agriculture again«t rats in 5 teh*ils selected for the parpo«e. A total expenditure 
of Rs 37,000 for a penod of 12 months was agreed upon, the proposal, howler, did 
not mature as the fund was not sanctioned ’ 

Damage from wild animals continues to be as senous as ever. 

Government of Bombay appointed a Shikar Officer some vears ago and Ms wo»k has 
been greatly appreciated The details of work done are given in Appendix I. 

In the Punjab, reports of serious daware by wild pig?, porcupines, rats, flving- 
foxes, monkeys, etc have been comriSn, bat ro eoneerted action has been po»siLl“ 
In fact, in certain localities, monkey? have been caught in large nnmbers and liberated 
in other localities, thus leading to severe loss from these mammals in their n«w 
homes. A echeme to organise n campaign against monkeri in the Kaagra District is 
under contemplation 
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Damage . — No precise information is available regarding the extent of damage caused' 
by the mammal pests Enquiries were instilnled in the Punjab in 1928-29 and accord- 
ing to the estimates of District OfGcers the loss was calculated at 5 to 52 per cent, of 
the crops. In Simla Tehsil, l/6th of the total crop urea was reported to be damaged 
through the combined depredation of hare, jackal, squirrel, monkey, etc. In Kot 
Khai tehsil the estimate was even higher. 

The held rats alone are estimated to i.aii«e an annual loss of 5 crores of rupees, but 
even if this figure is reduced by l/5tb, the loss comes to oue crore of rupees per 
annum and if all the other wild anini^* arc re«ponsible for 50 per cent, of this the 
damage done by rats and other mammal j>esls in the Punjab cannot be less than 1.5 
crores of rupees. 

For comparison, available figures of losses in some countries due to rats are given 
below . — 


Rs. 

Crores. 


1. England . . . . . . . . . . 22*; 

2. Denmark ......... 9 

3. France .......... 1-2 

4. Germany 16 

5. America ....... . . 60 


In view of the above figures jt cannot be denied that the estim.nte for damage in the 
Punjab has been put verj- low. The matter is of sufficient importance and de.vrves 
consideration, bat without staff .•vnd funds it is impossible to undertake any effective 
measuuM of protection of crops from depred.xtion of wild animals 

— .\clion m.xy be taken on the lines suggested by the Board of Agneul 

ture, 1929. 


Itifds. 


7?fnfjr —Regarding birds the position is no better than in the case of mammals 
Very little work has been done in India regarding the status of birds in agriculture 
Onl.v Lefroj* and Mason undertook a preliminary investigation of the food of birdf 
at Fusa. The results of their investigations vrere published in the Memoir of the 
Department of Agriculture in Indrn (Vol. HI. Ent Senes, 1912) 

In 1925 an assistant was detailed in the Punjab to study the food of birds The 
birds of Lvallpur have been studied, and the results are being published in the 
Journal of Bombay Natural Ilistoiy Society. Since 1928, a detailed studv of the 
food throughout tlvc year, of tlio nio't important birds has been taken in hand and 
the Mntrol measures regarding the hamifiil species studied 


The bird enemies of locust m Amlnla Di«tnct wore studied in 1930, and the results 
Dubbshed in the Indian Jouro-nl of .^gricultor.M Science, Vol I, Part V, Oct , 1931 
and the bird enemies of Colton Leaf Roller in Pirowal (.Mult.anl m 1933 The results 
of this investigation nre in the course of publication m the nbo^e journal 

Prt*tnt vOtHion —The work is being continued on the .samo lines on the feeding 
L 1 . ..f T.nrM Indbin Paronoct. The feeding habits of some more important 

m other Mrt. oi the runjoh ore be.ns taken m hand Thi. „ork 
rj; "nrt. S,g by an a-.i.tanl' ,rho i. aide to deroto only a par. ol h.a 

time to the problems , , n m- j 

. I f«T- r<. 5 earch m economic ornithology nt n cost of K* 41.07o spread orcr 
A submitted in 1035 to the Imperial Council of Agricultural 

a period of \ Ui through the Govt, of Bombvv The Entomologist to 

Research by ^ ' jubmilted a scheme in the same year to the Imperial Council 

have unf jrtunatelv, not materialised. 

’ . In nrotect wild animals* i* likelv to interfere in the balance 

, had bwn ed.aEhshed end the edvantsgo end disadvantage of such protec- 

? oa”t ot'k^rta'^hird. «.U rreoi.e propro ......on, 

SaM,.'i;oa-Th. problem i. ot Tory gte.t .a.porUne. aad the acheme. enbm.lted 
should be revised. 



APPENDIX I. 

CtO'p protection uorl m Bombay Prtsideacy. 


Wild aiumal'i dcstroyod. 



Pig 

Deer 

Nilga 

Panther. 

Rat. 

Jackal. 

Wild Cattle. 

1923.20 

141 



4 




1920.30 








1930-31 

142 

1"5 

30 





.1931.32 

6 campaigns 
organised. 

119 






1932.33 

180 


D 


■ 



1933-34 

245 


H 

H 




1934.35 

441 

D 

H 


■ 


15 

.1935.36 

643 

■ 

■ 

■ 

HIH 



A ‘Shikar Officer’ is being mainUined in the Presidfocy with limited staff sine# 
.1928. His policy consists of— 

(1) Enquiry of damage 1} Mitd aiiioials 

(2) Organising Crop Irotection Societies including— 

(а) Oun Clubs, 

(б) Shikar parties. 

(3) Encouraging fencing of ^aloable crops on cooperatne lines 

(4) Pajtnent of rewards for the animals killed 

(5) Pnblic education 

(6) Co ordination with other departments 
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APPENDIX IX, C. 


Crop protection from insects. 

(On. HEM SI.VGII ritOTIir. M.Sc., rn.D. (ONTAni, r.X.I , Imwrial KntomoloMt, 
I. .1. It. .Vjlt Dtlh,.) 

I, Tjte DrsMiT Loccsi (ScufsTOcimct otwcinn). 

Somo eyiJenw lias been collected nhich indicates thti tlicre is filnays a tiling popi>’ 
tion of this locnst of the phi«e $(i'\taT\n in the devrl arcjs of I^aj'pu[.m.n, Sind ’ 
B.iliiclu«t.m IMckr.m co.ist). Hero nnd tli»ic in this region tliero arc ^ones of tl ' ... 
population wlucli arc epcclally more numerous on the Meicr.an co-vst 

TIjc Jociist is r-ery fcnsituo to chaii-es in its environment, such fls temperature, 
liumiditr, etc. Wicneier there is sufficient amoniit of rainfall m the are-ts defined 
al)o\e, causing suihible wettmp of the roil, the locosts start breeding ond multiply* 
ing, sometimes pning rt*c to small swarms, ilio indnidtmls still remaining of the 
solitary 'i'he conditions under trhidi burger 8«.srnis arise nnd the iridi\iduals 

assume the phase grtgarta are yet not fully known Oscr-crowdiiig of individuals 
in re*lncted are.as seems to l>o one of tho miportint factors 

Hegarding temperalnro, the locust can treed wlihui n wide range (2S*-40*C), 
the threshhold of desclopment being lfl*C. 

II, riSTS or SfOtCClNV. 


(i) Tforera.— The Stem borer Diattatu 4ti(titratpt$ and top borer Scirpaphaga 
r.ivtUa are the moat ecrious in all parts of India, d.imaging on on average 10 per cent, 
of the crop. 

Seaional history and incidence. 

I.’sliifont vorictis*.— Tltc fame xariety may to resistant to one borer and susceptible 
to another and may be resistAint in one area but susceptible in another Tlie morpho* 
logical or physiological characters which make particular varieties resislant are yet 
practically unknown. 

/’nrafifet.^noth borers have some important iniljgenou« parasites which need 
proper in>eitigafion and de\clojimenl. 

(ill /’yriV/a —Two species {/'. ftrpu$illa ond V putartfi) occur in India, not three, 
as hitherto believed. The p*-'l is especially abundant after the rainy scfieon when the 
humidity in the fields is high. 

Control Tnc.nures include bagging, collection of egg mn'ses, rcmoial of dry sheathing 
leaves, etc, 

Tliero arc Iwe important indigenous paTa»U»s. wam.-lv, rsfrustir/ius pyrdfne and 
Oencyrfuj rjnilaf, wliich seem to be of potential value hut which ha^o not yet been 
in^estipted for control purposes. 

III. Ptsrs or CoTtov 


(0 Spotted ioffirorwi.— IVidely distributed oil i 
of food plants. 

Df.iruction of eltcmative food plants complete remoi.it and 
colton lion.,, .Inbbl.., tU., "'“I wl™' 


Ha>e a great %ariety 
p^iriiction of old 

robra^on Itfto'ji lo W a uA.fol indlR.noii. [nrfi.ilr the potentialitte. of 

which'nectl » IbotO"?'' iof'elilTili”". ... 

(I'i) I’lnt fioffirfne — Heetrictr.! in iliitnl.iition Inciilenre >erj- milch gotemed 
bv cltmetic condition*. .... 

'^ncelin- of .end to b'" •' ' '’"o' " " 

t.'.vi Th, Cottm n'hi'tt ,fy — ' e-’* 'o'""’? “"'r- 

o'omvim: i* en cfr^H’c conliol n.-A..ir. 

lL,ht Con-, lo-n-t-b .cno... tt. I. nun c. 

"’'"'•I ■" if'i'A 0”ir. 

yome red’f 
Parasites. 


\srietiri 
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APPElfDIX IX, 0. 

Crop protection from insects. 

(Cn. DEM SIN'GH pnorni, M.Sc., Pn.D. (CiSTlBI, EX I , Imv’T'ml ZMomoloqi-t, 

1. A. i?. /.. Xtur Bdhi.) 

I. Tee DEsmT Locnsr {ScHfSTXKmc* ctarciBiA}. 

Some evidence has been colJecSed which indicates that there u airrays a thins popula- 
tion of this locnst of the pha'e t'jiitarsa in the de«ert areas of Hajpotana, Smd and 
Baluchistan (Mekran coast) Here and tbMe lo this rcsion there are zones of thicker 
population which are specially more nomerons on the Meiman coast. 

The locLst is very sensitive to chanjes in its environment, sneh as temperatore^ 
homidity, etc. "^^Tienever the"^ is soiScient amount of rainfall m the areas defined 
ahoie, cansinj eaitable wetting of the soil, the locesis start breeding and mnltiplv- 
ing, sometimes giving ri«e to small snanns, the lodinduals still remaining of the 
solitarj" phase. The conditions nnder which burger swarms arise and the individoals 
asscrio the phase gttQana are yet not folly Imowo. Over-crowding of individuals 
in restricted areas seems to I>e one of tho important factors 

Regarding temperature, the locnst can breed within a wide range (25*-40*C), 
the threshhold of development being 18’C. 

II Fests of SccsECtvr. 

(0 i?or«ra.— The Stem borer Dtatraeu ttieiicratpn and top borer Seirf^phagz 
nhtlla are the most senons m all parts of India, damaging on an average 10 per cent, 
of the crop. 

Seasonal hutor}' and incidence. 

Hetittant fffnerie#.— -The same variety may be resistant to one borer and soseeptible 
to another and may be resistant to one area* but ensceptible in another. The morph> 
logical or physiological characters which make parttnilar vaneties resistant are yet 
practically unknown. 

Parautif.—Heiii borers have some important indigeneos parasites which need 
proper investigation and development. 

(n) Pyrilla.—Ttro spedes {P. j.erpu*3la and P putan/j) oceor in India, not three, 
as hitherto believed. The pest is especially abundant after the rainy season when the 
humidity in the fields is high. 

Control measures include Lagging, collection of egg ina«ses, removal of dry sheathing 
leaves, etc. 

There are twe important indigenous parasites, namelv, Tetrastie^us pyrtTlae and 
0<ncyTtki p’jTtllae, which seem to be of potential value but which have not yet been 
investigated for control purposes. 

III. Prsrs or Coirox 

(i) Spoiled bclltevrms . — Widely distributed all o\er India Have a great variety 
of food plants. 

Destruction of alternative food plants, complete removal and destruction of old 
cotton stems, stnhlles, etc., ore the nsnol control measures 

Microbra'on lefroyt seems lo be o useful indigenous parasite, the potentiahties of 
which need a thorongh investigation 

(ii) Pinh hotlwOnn . — Restricted m distribution Incidence very much governed 
by climatic conditions. 

Heating of S'vd lo kill the hil^^rnating larvae is a nseful control roea'ure. 

(t'l'O The Cotton White-fiy — A serious pest in certain parts of the country onlj. 

Spraying is an elective control in*3«ure 

(ir) The Cotton /a'tto — A serious |e*t m several Prounce* 

Some resistant %-arieties, • 

(v) The Cotton Stem Ifeerd {Pempberet cr/Ifiisl — Serious in South India only. 

Some resi*tant ^3rlftles 

Parasites. 
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VI. IkSECT VECrtjBS OP VIRUS DISE.\SrS. 

Se%eral crops puffer from serious virus diseases m various parts of the World, t.g., 
potatoes, beat, tobacco, sugarcane, maize, Cruciferae, vines, poaches, roses, etc. 

hfost of the \irus diseases are spread by insects. In India., tobacco, in Bihar and 
chillies in the Bombay and Madras Presidencies and randal in South India are known 
to suffer badly from such diseases. 

The common White-fly of cotton, Iltmeata (jo^^ypiperda, has been found by ex- 
periment to transmit the disease of tobacco Thnps are suspected to do the same 
in case of chillies but conclusive evidence has yet not been obtained. 

VII. PnODLESJS OF ALL-IkDJA mroaTANCE WHICH NEED EARLY ATTENTION. 

fi) Effective measures to keep out foreign insects. 

(o) Measures at the land frontiers as at sea ports, 

(6) Necessity of keeping out pests of fruits and vegetables, against which there 
is no restriction at present. 

(u) Termites. 

(liij Survey of parasites, 

(if) Trial of Insecticides and fumigants under Indian conditions and preparation 
of insecticides from indigenous matctials 

, (i) Taxonomy of insects of economic importance, especially of the foUomng 

families 

Noctuidae, IViaixioe, Cocetdae, Aphidae, Aleurodidae, Acriditdae, Cocemellldae, 
Cecidomyiadae, Syrphidae, Trypetldae (fruit flies), Tecbinidae, etc. 

(I'i) Jdtntifieation cf Insicts.—Jt is desirable that seme central place should have 
specimeos of all insects found occurnng on crops in all parts of the country. The 
Imperial Agricultoral Research Institute, New Delhi, has the biggest collection of 
.Indian insects named by well known authorities. 

At present provincial workers sometimes send abroad insect specimens for naming 
which can be easily named at the Central Institute. Co-ordination m this matter 
between the Central and provincial institutes is desirablL', 



APPENDIX IX, D. 
Crop protection irom fungi. 


DH n N’. UPI’AL, Plant Pnthologi*l to the Go’ernmtnt of Domhay * 

Ever »incf the «lavn of man's history plant ilKcases have been the greatest hazards 
tn the production of crop pl.anta. !ii the United States it hes been estimated that 
plant diseases take nn annual toll of about a tiillioii dollars, and tlio annual loss to 
<rop5 in Great Britain is estimated nt 15 to 20 million pounds sterling Such figures 
arc better appreciated in the form ««ed by Whetzel ttlio said "The estimates of the 
plant disease suracy of the U. S. I)e|>artmeiit of Agcicolture indicate that .approxi- 
mately one bean in carry dozen, one pcaih in caery eight, one bushel of Irish potatoes 
in c\cry l«chc, and one bushel of wheal in caery t«n are destroved annually by 
disease in these crops'*. Although no estimated iigures are available for this country, 
it is certain that plant disc.asos arc testing the people of India many crores of rupees 
\\*heat rusts alone, for instance, have l»ccn estimated hy Mehta to be responsible for 
an annual loss of about four ciorca Considering the magnitude of the financial loss, 
It IS evident that crop protection from fungi is uf paramount importance Although it 
is the primary concern of the jdant pathologist to devise practical remedies against 
plant diseases since he exista for benefiting and promoting the agricultural industry 
of the country, jet he has aonictimes unduly stressed the academic phase of 
research at the expense of the more practical aspects 

Fungus diseases mav bo divided into two mam groopa— those of aerial parts of 
plants and root diaeasej. The diseases of the first group can bo controlled by covering 
the exterior of the plant surface with a protective layer of a fungicide, either dust or 
spray, which ix toxic to the germinating fungus spores which may alight on the plant 
surface, "rhe other group of diseases is generally cau«ed by soil borne foogi, which 
xre not only dillicult to control but the Ireotinent of the sod with a fungicide is often 
not iostified on account of the expense involved 

It IS proposed to review briefly the existing control methods with special reference 
to the work done in this country, including certain aspects of plant quarantine. 


Funyi alfteting atttal patU of plnntt 

.Snr<ii/i— The sprays m common nse are elementary sulphur, lime-sulphur and copper 
sprays. The sulphur sprays are very effective against cctopirasites such as powdery 
mildews, whiUt copper spfays are generally used to control endophytic parasites. 
Sulphur inrays have, in recent years, come into prominence in Europe and Arrcrici due 
to the introdoct.on of collo.dol .olphor, the part.cle. of t.hich ate finer than tho-o of 
the fineet diutins aulpho. Since the fungicidal effect of .ulphut depend, on it. 
fineness of division, colloidal sulphur sprays have Seen snccc.sfully employed for con- 
Irol of fungi against vrhich coarser sulphur, haie proved ineffrcttve A good eaample 
.of a collo.dil sSlphur spray is “Sol.ol-, a British proprietary prodnet This fungicide 
ha. also been siicccfolly employed .gams, endophytic parasite. In the Bombay- 
Dfccan it eflectnely control, fig rn.t and is preferred to Bordeani mirture nliich 
leaves a spray res. doe on the fruit that re.i-ts l.rushing Sul.ol i. a P-™>mng 
sulphur sproy'but no estensive trials seem to have been made with it m this country. 

Among the copper sprays, Bordeaui mivtuie is still the standard fnng.eide, 
although a number of troprielary compound, of copper ...cl. a. '■Bcmsol ere now 
available on the market. There is. nowe.er a «»pe lor further research on sticker, 
substance, which improse the adherence ol the spray tungieide. to the h"-' •”'»« In 
arpi« whit-li receive beavy qoantiticx rain during the monvoon, the 
problem of plant disease control hccomc. dillicult erne, the fungicidal deposit is easily 
remoied by ram and the pl>„t^;; ^ irmb'S"' Pr'e o? 

"Kolerog?’ ofTetehiul caused by Pnytorthna oseeie will bJ greatly facililated by the 
discovery of a cheap and efTective sticker. 

Sulphur IS one of the best dun fungicide* known A reference has already 
been made to 'Irolloidal sulphur iprav# but sulphur .ncV,' 

in an extremely divided stale Some of these sulphur* are corapo«ed of *nch fine 
particles as vmII pans a hypothetic.il Mcve of two million holes per square inch. An 
example of this Llphur is "Luuevale” Microsnl Dust, a British proprietary sulphur, 
■which ha* a particle size of 4 to 5 microns. 
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Sulphur of the average fineness of 200 mesh is now extensively used for the 
treatment of plant diseases in thb Bombay Presidency, Mango mildew and hoppers 
have ueen effectively controlled by dusting trees with sulphur which 
checks the mildew and acts as a deterrent against the hoppers. Sulphur dusting is 
also now commonly practised against powdery mildews of cumin, pea and of grape- 
vine, fig rnst, “tambera" on potatoes caused by mites, etc. The success of the dust 
treatment is often dependent on the uniform application of the fungicide to the 
exposed plant surface. For this purpose a crank duster {Peerless Dust Gun) is now 
made available m Bombay to meet the demand from growers; several consignments of 
these dieters have been imported by the Department of Agriculture in Bombay, and 
the machines are sold to the growers at cost price 


Soil-inhabiltng Fungi. 

Root diseases are more difficult to control m plantation crop than in an area under 
annual cropping. ^ In the latter case the period between successive crops represents a 
vulnerable point in the economy of the fungus. 


Rotation and cultural practices.— The fungus may persist in the soil in the form 
of resting spores or sclerotia. The established method to eliminate infection m such 
cases is crop rotation. The object of this practice is not the complete elimmation of 
the parasite but the reduction of infectton to the lowest level. However, since most 
of the soil borne parasites such as Fusarium wilts persist m the soil for long periods, 
rotation is not always a practical method of controlling plant root diseases. 


Not much work has been done in Ihia connlry on Clop protection from aoil-borne 
diseases through cultural practices including rototion and time o£ sowing Thi. mSer 
howevor. is not so simple a, ,t appears since there are often considerable difficulties’' 
in modifying well-established agrtcaltnral practices. 


Cevelopment cf reiislmt vdriiltu of crepe— The development and use of resistant 
varieties of crops holds out a great promise in the control of soil-borne diseases snch 
as Fuiarivm wilts {and other diseases snch as cereal rusts), which cannot be controlled 
by any other means. A closer nnderslanding between the pathologist and the plant 
breeder is needed to insure sound and substantial progress m evclviDg resistant 
varieties. For it mast be realised that, although by bis breeding method, the plant 
breeder has given us larger and Utter crops, he has sometimes “discarded tn route 
a number of hereditary genes which alone or m combination with others may be 
responsible for that vague but important character— constitution". ^ 


In the Bombay Presidency a considerable amount of work has been done nn 
breeding of resistant varieties of crops. A wilt-irnmnne strain of sann hemp has been 
isolated. In Kumpta cotton a wilt-immune strain has also been obtained and creS 
progress has been made in this respect m other cottons of the Presidency The fact 
that wilt in cotton or m sann hemp is caused by a fungus, which is profoundly affected 
by euMroiimental conditions m its capacity to produce wilt has led to the rievelonment 
of a method for testmg the wilt reactions of cotton strains under uniform conditions 
of infection. This method has yielded every promising results, and it is described 
here in some detail. 


Wilt resistance in cotton is mainly affected in its expression by two Important 
factors : the degree of soil infestation by the pathogen and soil temperature. Assuming 
severe soil infestation, adverse soil temperature can induce temporary resistance m 
plants of the susceptible variety reseinWing the "mheuted’* resistance shown by the 
immune variety at all temperatnres If, on the other hand, susceptible types of 
cotton are grown in infected soil in a range of optimum temperature, all plants must 
wilt This, however, does not happen under field conditions "where variations in 
soil’ infestation by the parasite and m (he searonal chmatir conditions preclude uni- 
formly severe testing for resistance . 


The relation of environment to the development of Fusarium wilts in cotton or other 
crons is thus fundamental to the whole question of disease resistance, since the term 
' "resistance" assumes different meamnp when used with respect to a varying environ- 
ment It follows that field-selected straws must vary in their wilt reaction according 
ra .casoDal conaitiona ar.il Ihe ilestee of infe.tation of .oil by the pathogen. For 
exaninle the highly wilt resistant etrain srf ffo/oeas iiirfiri.s T 80, deiclopotl at Ptisa, 
Sin totS in iill sick soil at -\rbhavi ram antlered dO to 60 per cent morlality 
7tom will It is obvious Ihcretoro that the great need in the .Indy of will te.l.tanci 
i, Se developnienl of a tecl.nigoe srliereby comparable results may bo obtained at 


different times. 
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•^le diy tieatniont with copper carliooatc, organo-mercury dusts lla^e been introduced. 
These dusts ha\e largely eliniinated the danger of seed injury, are easier to apply, 
and control certain diseases such as stripe ot barley [flrhinnthcijiortum gTamineutn) 
that resisted control by the old fungicides A similar disease in nee tUdininthosporium 
OTytae) found in Sind, winch has so far resisted control by ordinary fungicides, may 
^rovc amcriahlc to ticatment with organonieicuiy' compounds used as dust or steep. 
Nexerthelcss, tliere does not seem to be a great scope lor organo-mercury compounds 
in India due to then high cost. Most of these compounds are of German or American 
manufacture, and since a regular supply of these compounds c.innot be assured m times 
of international stress, it lias always been onr policy in the JJoinbay Presidency to dis- 
courage their use and introduce info agiicultuial practice only simpler and more easily 
obtainable fungicides.’ As a general jiolicx, only British propnet.ary compounds are 
preferred provided they are not %ery costly 

Soil treatment , — Control of disease by soil disjofection with fungicides or heat, 
applied, either as diy heal, steam or hot water, is commonly practised in commerciai 
glasshouses. This method is generally not applicable on a held scale due to the expense 
of floating large areas However, in the control of wilt in betelvines caused by 
Phytophthora paraaihea, Bordeaux mixture >s now applied to the soil at the base of 
the vines. The cost of the tieatnicnt m Bassem near Bombay comes to about Bs 100 
per acre but glowers now universally practise the treatment as the betelvme crop is 
very remunerative. 

Effective control of certain root infecting fungi can also be obtained by soil amend- 
ment The clas8ic.il examples are the control of potato scab by the addition of 
inoculated sulphur to the soil and of club root of crucifers by liming This method 
lias limitations in the contiol of parasitic tungi since these organisms often show a 
tolerance almost as wide ss their host plants llowever, where it may be economically 
feasible to control plant diseases by soil amendment, the change of soil reaction may 
adversely affect the beneficial bacterial and fungus Dora of the soil. 

Attempts have also been m.Kle to control plant disease by the application of 
artificial fertilisers to the soil. L. E. Miles has reported effective control of cotton 
wilt and rust m south JIississippl in the United States by the use of a fertiliser con- 
taining an adequate amount of potash. 


Eradication is another method sometimes employed in the control of plant disease. 
The barberry eradication campaign instituted in the Unitid States has been claimed as a 
success in mitigating the damage due to black lust of whe.-it. Although barberry 
eradication h.is not completely ebmiiiafed black iu.«t from the mid-westem wheat belt 
of the United States, it has served its purpose by reducing the chances for the develop- 
ment of new recea ivhich it is cow well hnown are produced by hybridisation on the 
baTherrv Citiiis canker, 'when introduced on nursery stock in Florida, proved a very 
destructive disc.ise .and at one time thrr.itciicd with evtmction the citrus mdustiy of 
that stale A campaign for the drastic eradication of disc.vscd trees was undertaken 
bv the .tele, and in tlic course of » few years llie di-ease was .lamped out and at 
ncp^-nt is not known in that orea. Another example is the compulsory uprooting and 
S.Vlrnclion of l.anana plant. sufferinR from Panam. drsease .n Jamaica In this case 
ro"SS hae not fully succeeded .n keepins the disease in e .eel since ll.o causal 
mSuism, /•u.nriu.i. Cileine, is widely d.swra.natcd liy li.ilu.al neenc.e. such as flood 
waters 

Quarantine- 

nr., nr thp nrimarv obligations of plant pathologv is to prevent the promiscuous 

One of the I " ^ ^ pathogens Ivtween diffeient countries by the aid of 

interchange of dange ous^pi^^ n>xtrictions on the movement of com- 

plant nnarantine., h - . or dchying the i^t.vt.lishinent of jdant pests and 

^fht/cs for he not known to occur" Thi, prc-snppp.es a knowledge 

dive-i«cs m areas interrelations Phis knowledge can be gamed 

of the parasi ev and t e r l ^f parasitic fungi but nNo by c.irrying out plant 

not only by however, the value of tlieve di-ease surveys is not 

discTC ,,_rt,nent to ask bow plant pathologists e.in be expected to meet 

fully realised. H. '• ^ „ ji„,j to prcp.irr for future emergencies if they do 

new situations to “ Xiuxte st.idu-s of di-cawx as they exist and f.ictors 

not have opportunity to ,U\« lopmeiit. Plant disease survey sluilies, ecologic 

Inlluencing tlieir f_,n<,..ant io the whole nalm of plant protection, and yet 

Studies, are among the most 
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we are often so mjopic os not to appreciate their \alue and provide 
How aptly this statement poiliajs the position m this country? 


for their support?” 


There arc htoloRists and growera who are opposed to plant quarantines on tho 
cround that they are ineffectne and interfere with trade. Although plant quarantines 
cannot l« made fully cPcctisc unless the phjtopathological service of a country con- 
siders its duty to protect the resources not only of itsoun country hut also those of other 
countries, jet who can deny that tho devastation caused hy many introduced parasites 
could not he prc^ented? It is also sometimes argued that, because a disease is of 
relatuely little economic importance in its home there w no danger if it is transported 
on plant parts to other rcRinns where it is Hot known to c\iSi This is a fallacy since in- 
troduced para'itci are often more desfructne in a new environment than m their 
original home due to a di»lurl).incc in the state of native natural balance or biological 
equillibriiim I'cr ev.-implc, cliestntit Might caused hy Endotia -parasxhca, a disease of 
little consequence m Japan, hav. on introduction into America, threatened to exter- 
minate the native che«tnuta in the latter country*. 

hteasurcs for tho control of plant ili'eases are earned out for personal gain but 
rarely for patriotic reasons However, apathy on the part of a few growers m practis- 
ing control measures may sometimes endanger the tcsourci-v of then neighbours or a 
community. The campaign for the control of ‘ kolcroga” of betel nut in North Kaiiara 
provides a typical example In past years m.iny growers did not practise control 
measures to the detriment of those who carried out these measures It has now been 
realised that forceful persuation t© get all the growers to spray their trees is the only 
way to gam the desired end Measures on the lines of those adopted for the eradica 
tion of spotted bollworm in Gujarat would haw* produced verv beneficial results in n 
short time For it must t>e realised that successive crop tsilnrcs in such areas as 
North Kanara, where no other crop but betel nut is cultivated, are attendant with 
tragic, consequences to growers and far-reaching sociologic and even political implica- 
tions.' 


I cannot do better than close this brief note by quoting the following lines from 
£ C Stakman, an eminent plant pathologist — 

"There price of a sound, comprehensive national life m m these times widi- 
spread and intelligent scientific res’aich” Tins quotation from Angell is 
applicable to plant protection as well as to problems in general Botanical 
science c.in promise man better vatiilies of crip plants and can show liow 
better to protect them against di$ea«e and other hazards But to aecomplisli 
this there must be provision for basic research, to discover facts and 
fonnulate pnncipies. experrmenfation, to determine when, where and how 
thev can be applied piofitablv , and education to tocorpor.vle them into 
practice and capitalise on their v.vlue We need not only fuller knowledge, 
improved skills and better leclmiquev, but also a deeper and more widely 
ditfused sense of obligation to science and to society and a determination 
to discharge it equally f.vithfuUv and honestly to both 

' There must be much good re«earcb. but much of it must be good for somethin" 
Only when there is broader reaJjwlion of the ultimate value of basic 
research, not only to claiify situations but espccnilv to provide a revorvoir 
of facts and principles for future emergencies will it be po'siMe to proceed 
as luteUvgcntly and efteetivelv tt-ce-sary in plant protection. If past 
experience teaches anvtfiing, it teaches that the most fundamental re^i'.irch 
often IS the mot practical in ‘he end Ftvrt divea*e sliuations continuiUy 
change, becau«e crops and pathogens and conditions change New problems 
continvially aTi«e Only by elucidating pnnciple* and accumulating wisdom 
through research can «t forsee pox^iEJe future developments and prepare 
to meet them Apathv and lack of comprehension, rather than antagonism, 
are the greatest obstacles to research and pr!>gre«* Many people still 
have a childlike faith that Kienve can perform miracles. A new diveae* 
or insect pc*! menaces an Unportant crop The formula is to provide 
monev and demand a roiracle ‘■Jfiraclei of science” mav a figure 

of speech, hut mo«t scientific miracles are the result of long and laliorions 
search and research, repeated nanyr times We hear much aljoat pre- 
paTxdnevs Preparedness is essential in plant protection but we had better 
prepare for the future l-efore it arrives instead of alter it is present or 
pa«t. And preparedness must be bwd on research *•. 
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APPENDIX IX, E. 


Work done on the study of plant diseases and their control at 
the Punjab Agricultural College and Research Institute, 
Lyallpur. 

(n.U S.MIIB L J.U OIIAXD IXTlinA, IAS. „/ IMamJ, Funjah 

Agrteultur/j! CoHe je, i 

1 . IXTAOMfriov 


J.'rldtlnn of tnetilmc; of iffrtfft fo r/i/.iiT/i* — fii rnnkin, ,i Mirtrv of fmiffsl thsc.iset 
of Jl’p I’lMijati, icpiri! In< lo !»(> paid to tlte l*«al influriwo of cliiDiUc factors on the 
life find growth of fungal orgaiiums The Punjab presents peculiarities of climatic 
conditions that liaae a great bearing on the incilence of di*ca»ea It may be divided 
into three region? for taking n floek i>/ thi jn-gnifude of parasitic or non-parasilic 
fungal flora 

Firstly, the north west portion which is enclosed hy high and low hills where the 
climate is tjT'cal of the cold region? and of submontane tracts 

Seronjly, the nofth-ca«tcrn hilly part? of the Sivalik and Himalayan range, eoicrlng 
the districts of Simla, ICnngra. etc In the«e areas, forc*t conditions prevail and 
humidity t? high enabling all kind* of fungi to thrive The submontane parts also 
provide a n-ry congenial habit for them. 

Thirdly, the plain? of tlie ci'ntral, eastern and southern region* whirh are hot and 
dry. In 'the«e places, temperature i? high and hnmidity very low. JSO'P has l>een 
recorded in shule in sonic years. Several s-'rioii? diseases caused by Jiighly parasitic 
fungi simply cannot evi*t tinder thtse Irving condition?. For example, 'tho most 
destructive par.a*ite8, »nfe«/o»«, cau«e of potato blight and TSletin trtUei, 

the Tlunl f«ngM? the gfeafe«t enema* of wheal grain, liickilr have no place here Com- 
raralivelv the hot p-rl* of the Funjab plains are. therefore, fortunate m cseaping 
iwm m«nv iojiiriou? fungi that occur in nlmndanoe in moiat. temperate find stilv-tropicnl 
cllmite? Uiit these par.a*ite? that are liardv and have made a footing here bring 
tfrn<-e les'c*. for example, firam Wight rnbifl) a serious direasa 

nf omm* Fmiit disease? of wheat, oat. barley, jowar siic.arenne. etc. late blight 
{AJtfrnnri'i 5p) n* potatoes. Kojt rot of eolfon. Canker and Witliertip diseases 
of citni" fniils. etc 

H. PoMt iMtontsv-T Df»r**r? or Ivniviorst. Cror? kkp Fnrrr? 


Inv-liri'i'”- I’'-,”'" ' 

I-..- loan wilb firh per odic.al anplifiolmn* «• I'f 
sln*-e The work farri.-.l cut 
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ktoxvn for long ro-f. 
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ds.eaie ooftir* ^ , j *ei- 
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ate fame I i 
i-d 1 !.- 1 * 
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grown The extent of 
per cent, for 
Ibe darraj" on a |■’f’llerlle of 

(f 0 !*••• sn’''set* to W |»l.l ? of riipeei eirry year. 


,ife* of “? I'unjah wheerver wh-al n gr 

» #n— e pliCri. It ha* t-en 'o in J fo b 




334 


APPENDIX IX, E. 

Work done on the study oj plant diseases and their control at 
the Punjab Agricultural College and Research Institute, 
Lyallpur. 


(RAI S.UIin L. JAI OHAXD LUTIIRA, I.A S , Prcfimt 
AgncvUutal CoUfje, Lyallimr.) 

I. Intbodcoticin, 


of Botany, Punjab 


^ J •“ "" uiHuencs of climatic factors ou the 

il/i The Ponjnh present, peculiarities of clZatic 

condit ons that hate a great beanng on the inciilencc of ihicares It may bo divided 

fbnyi flora""'™’ ' ■>' or non-pailSie 


Firstly the north-west portion which i, enclosed by liigh and low hills where the 
clunatc IS typical of the cold recjions and of submontane tracts. 

Secondly, the north-eastern hilly parts of the Snalik and Himalayan range, covering 
■the districts of Simla, Kangra, etc In tlie-e areas, forest conditions prevail and 
humidity is high enabling all kinds of fungi to thrive. The submontane parts also 
pToviflo a very congenial habit for them. 


Thirdly, the plains of the central, eastern .and roulhern regions which are hot and 
dry In these places, temperature Is hich and humidity very low, IKT. has been 
recorded in sliade in some years. Several serious diseases caused by highfv parasitic 
-fungi simply cannot evist under these trying conditions. For example, the moat 
destructive parasites, Phytophtbora infeUnn$, caine of potato blight and TUlelta trttici 
the Bunt fungus the greatest enemy of wheat grain, luckilr have no place here. Conj- 

f araliiely, tlie hot p-irts of the Punjab nlains are. therefore, fortunate in escaping 
rom many Injurious fungi that occur in abundance m moist, temperate and sub-tropical 
climates. But thci«e nar.a«ites that are hardy and have made a footing here bring 
about terrific losses, for example. Gram blight [PhyltoBtietn tabiei) a serious ditease 
of gram 5 Smut di«ea«es of wheat, oat. Imley. jowar. sngarcane, etc., late blight 
{AltfTTinrift Fp ) of potatoes. Boot rot of cotton. Canker and Withertip diseases 
of citras £niJt«. etc 


n. Some iMeonTAvr Bisruta cr iKoivinuAt Crors avd Finms 


Inao«tic.ations on Flanf PiacasA* of fam iropa in the Puniab lin\e been rnrsuoil 
since WIO with «iich peri<idic.al aroplific.stion<i na l>ecime pos^hle bv the pro\ision of 
facilities of sf.aff .ind funds. The work carried out is de-cribcd helow — 

perfol’ —Whfat —The nre.n under wlie.at in tW Punjab is about 9 5 million acres 
giving the total aield in grain of .al-oiit thro* million tons and contributing nearly one 
third'of the total produce of Iiicln, The di«ea<es that cause sunous damage to the 
wheat cron are — , 

(1) T.oo*e Smut (UttUa^ro lnlici\ 


(2) Flag Smut {Vrocy^lh Ints'i). 

(3) Bunt {Tllleth trili'i), and iTtlleha tndita), 

(4) Karcoclle-Eelwnnn-fryf'ncAw fribVi). 


(5) Leaf Spot {S'-pfono trilici) 

fl) 7 x>o*e ym«f.-The life history of the cao*a! fungus Uttihgo tntici ha, been 
known for long row. The experiment* earned out in the Botanical Section relate to 
the slndv of measures of its control and the influence of ilimate on Us incidence This 
diU*e occurs commonlv in (he Funjab whe^rer avh-at is grown The extent of 
dLage v.arie, a great deal In some place* it »«» found to be 30 per cent, for 
.example, iu Karnal. Our.la.pur. etc Considering the dim.age on a moderate scale of 
2 per cent, for the whole Province, the loss aroeuntt to 50 lakh, of rupees every year. 
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The Hot Water Treatment as de\eIoped m .America has been applied for several 
jears, but it was found ^erT cumbersome and diflicoU of adoption on farms as well 
aS by farmers on account of the great accuracy with which the required lethal tempera- 
ture of water had to be maintained by the use of a thermometer to avoid injury to seed. 
EUorts have been made to modify this method to make it easier to carry out or to devisn 
a much simpler treatment. -As a resnlt of eight years trials the following new method 
has been devised. 

It consists in the application of solar heat to kill the cau«il fungus within the grain. 
Wheat harvested from a wheat field containing smutted plants is soaked in water for 
four hours and exposed to the sun in the hot months of Mav to July for four hours or 
so till it gets thoroughly dried. Daring this penod, the fungus in the gram is killed 
by the lethal action of sun heat The method baa proved fully elective for the elimina- 
tion of the causal fungus from the grain Several years trials have shown that there 
is no adverse e?ect of this treatment either on the germination capacity of the seed 
or on yield of the crop raised from the treated seed This method is decidedly a 
great improvement over the old Hot Water Treatment method, because of its being 
cheap, simple and very eSective. 

Experiments have shown that humidity promotes the growth of the casual fungus 
The incidence of attack of Loose Smut is higher in comparatively moist places, i e., 
Rawalpindi, Gnrda<pur, etc., than in dry localities, te., Multan, etc 

Fubhealioitt 

(1) Some Experiments on the Control of Loose Smut, l/ititaja tritUi (pens.) 

Jens , of I^Tieat 

By 

Jai Chand Lutbra, aod Abdos Sattar, 

The Indian /ournnl of AgtifuUuful .'>ienfe, Vo! IV, Part I, February 
19J», 

(2J The Loo*e Smut Disease of IVheat (VernseoJar "Kangisn”) and some New 

Slethods of its Control. 
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Other important (}iv'.n»c* «jf Iticr nr? Wilt rau«ed b). /’u^onum jp , TadtU- blast 
«u«fd by rinurtori/j oryrff. l^af Blight (//f/min/Ao«yoriums $p) Runt (7’i/f<tia I'ornda) 
A Kficmo for the iincrtig-ition of 1h.»e di«enei \iaa aent up to the Imperial Council 
of Apricuuural n-search, hut it xsaa rot sanctioned on the ground that the work would 
be undertaken at the IVllu lV*,Mrch ln«titule or m any other rro>;ncc where nee it 
rnore important than in the Ihinjah nie ii«H.p<sitv for the inscstiKatinn wa« ho«e7er 
reco^jretl. ' 

il/oise 


There are two important diseatea of .Vatr: 

(1) b'mul and (2) Ihown .Spot (rilv* 0 'frr<«al —These occur in the hills, but ha\e 
Jet to be inxcstigated l>olh vith icgatil to life history and contTol. 


^oiror iWyA'Jm) 

iUad htnf Sjoi {€oUttf>tnth*tm grair.mitolui't) — Some woik has been done on this 
disease and il Ins been found that it is «eed Lome But secondary infection aUo 
occu’s from diseased plants through the air Detailed life history and aUernative hosts 
hare to be studied. 

ffroi'n A'muf (5pAoefofotAeeo torijhi) — This diteare can be controlled by the treat- 
ment of the seed with copper carl>onaie dn«t 

I>ony •Smvt (rolvpo'poniffn fHiftrum) —This di«ca<e is fairly common and serious in 
Multan wid Dcra Ghati Khan Districts Its lift history is not fully worked out. 

Oi'eo'es of dram (Cicer ortefimim) —Oram is the most iroporlant crop of the 
(oroni tracts of the Vrortnee Next to wheat it has th» largest area of abont 4 
milhon acres under it. 

Wrom /JfiyAf — This dixe.xxc i« widclv spread in the North Punjab, le, Attocle. 
Jhclum. Mnnwali and Rawalpindi Districts, and ha« canned 'enous damage to sram 
In 1936 27 and in sexcral prcMous years almost the entire ciop wa« wiped out in 
Campbellpur When climatic conditions .ire faxourable and the sour'e of infection is 
present, it breaks oat in other dislricta also, i e , Liallpur Sargodha, Gurdaspur. etc. 

The c.aiisnl fungus itcocfiyta rntin Phyllo'ticln rabid Ins been determined Its 
life history has been worked out alone with measures tf control The di»sa»e is 
carried by teed and i« alvi produced bv infection from diseased plant debris of the 
prenous sea'on'- affected crop left in the ‘eld It his been demonstrated fully that 
by sowing liedthv seed in fields srhuh hare been freed of the remnants of ♦h'- prenoui 
crop, the disease can be preientcd It is aBo essential that there should be no 
source of secondary infection Th" di«ea<e is earned fiopi jnfeited fu'lil to hcnthly 
crop during rains and storms In a loeelitv when the disease u prcuhnt concerted 
action is iiices«iri for a thoiough cleanup on- re' ion and use of htaltiiy seed ill o\»r 
the place, so that all chances of secondary infection are c^iclinkd 

Hesitlant ti/pc^ —Beside- these rocthi»d« of control tii.ils haie been carried out of 
185 ■varieties of cram obtained from xarious parts of India and foreign countries to find 
out strains resistant to the disease Thiee French tapes F 8 F 9 and F 10 hue 
proved hiehly resistant to the disease These are being further tested and multiplied. 
They will be used as parents for bvbridir.-tion with mproxecl Punjab type* 
Piiblicafoas 

(1) Some rreliminary Studies on Gram Blight with reference to its Cause and 
Mode of Pereniiation 


By 

Jii Chand Luthra and’ Kishar. Sinsh Bedi 
The Indian Jcinnd of AquruHuial .Science, Vo5 II. Part V, OctoWr, 1922 
(2) Life Jlistorv of Gram Blight {dseocAyra mAiei (Pass) Lab PhyVoslirtn rabiei] 
(Pass) Trot on Gram (6’icfr onerinunt L) and its Control in the Punjab 

By 

Jai Chand Luthra Abdos Sattar and Ki«han Singh Bedi 
Ayncullure and Live Stael i« India \o\ V. Part V, September, 1925 
TTdt (PtMQn'ums sn ) — The causal fongns of this diwase has been deUrmined It 
lives in the sod Further work on the mode «I inlecli^ and conttoli* nwsMTr. This 
disease causes serious damage to gram m fb<* Central Districts of (he Punjab. 
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Of Cotton 

Hoot Hot. — Coniparati\ely there are odIj a few diseases which affect cotton crop. 
Of these Hoot Hot disease causes most damage. Both American and Desi varieties 
occupy an area of about 2-8 million acres. Both these types are attacked by the disease 
and a loss of about 16 lakhs of rupees occurs every year as a result of death of cotton 
plants at an early age and also at tbe flowenog time In\estigatioD of the disease has 
been carried on here for the last S years-under a Scheme of the Indian Central Cotton 
Committee A part of tlie expenditure of the Scheme is met by the Punjab Govern- 
ment. The disease lus been found to bo cansed by two species of Hhizoctonia—\t) R. 
bctaticola and (2) H. tolani Definite results bas’e been obtained with regard to the 
relation of soil moisture and sowing time with the incidence of the disease On the 
physiological behaviour of the fungus, it is established that it thrives in anairobic 
conditions The disease is carried on roots of the cotton plant left in the soil after 
the crop is o^er. Several leguminous crops grown in the affected field have been found 
to be susceptible to the disease. Cereals are not attacked by it. Chemical analyses 
have shown that diseased roots contain a higher percentage of Calcium and Iron The 
investigation of measures of control is in progress Late sowing of cottons has given 
indication of marked decline m mortality 

The other diseases of cotton that require attention are Angular Leaf Spot, 
Anthracnose, Wilt and Virus Some of these in certim seasons become serious, for 
example, Angular Leaf Spot caused heavy defoliation in J936 Wilt is responsible for 
s great deal of loss of plants in Ludhiana District. 

PnhhenUont , 

(1) Studies on the Hoot Rot Disease of Colton in the Punjab I. Symptoms, 

Incidence and Cause of the Dise-'sc, 

By 

B. Sshoi Vnsudeva 

The InrliOT, Journal of Agnculturul Science, Vol V, Part IV, August,' 
1935 

(2) Studies on the Root Rot Disease o* Cotton in the Punjab, II, Some Studies 

in the Physiology of Causal Fuugi. 

By 

R. Snhfti Vasudeva. 

The In, lion Journal of AgrtcnUntal Science, Vol VI, Fart IV, August, 

1936. , 

(3) Studies on the Root Hot Disease of'Colton in the Punjab. III. The Effect 

of some Physical and Chemical F.ictors on Sclcrotia formation, 

By 

R. S.ihai Vnsudeva. 

The Inthan Journal of Agricultural tifuntt, I'ol Vlf, Part II, April, 

1937. 

(4) Studies on the Root Rot Dirca-e of Cotton in the Punjab. IV. Effect of 

certain I'actors infiocncing Incidence of the Disease, 

By 

R. Sahai Vnsudeva. 

The InJion Journal of AtjricuUural Science, Vol. VII, Part IV, August, 
1937. 

(5) Tlie Hoot Rot Disease of Colton, 

By 


Ja! Chand Lnthra. 

StOional A’otei, Vol, XI, No 2, Oclolwr, 1933. 
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rj 5«^T»V*ir — ef tuc'riinr «r** Ix'inc ln>f»tipalc<l in connection 
»ith Ui<* Focattari'' r./a^artli S^hfme of lh<* Imp'ri*! Counrtl of AcncuUoral Itesearch. 
One Arnojllor*! A»*'»tant Kai li»^n rroTi-lcd and h* » WinR pnided m tin* work 
3 jrnr*' fij-Tnr*i(N> lin, liowercr, ahnirn lliil an InTc«tifnlor of prcater cipen- 
trd tiiclirr trannc tliin an ARticnltnral A««t<tant is rrfjuircd for re«earch on 
tlir»o t5i»ri«r» of .rhuli harr prornicd iiitrmic probVm*. 

Fn\.t — Till* »« a vrry rwnmpij in llic Pro>ince speciallf 

er. Coirl it^ro vari'-ti'-* It* nelly's of infection and di*«''nination have been etadied. 

It it cam-'d wiihin lli<* »’7orvt an 1 on bud* cine a-'t* It It capable of transmission 
br spent from snntted abonj* to buda of uniflcclrd cine in the itandinR crop through 
air It b»« l-eef) m-trrJl'’d rr-nipbleU by ro^rijn' and <1i«ttifrclinn of teti oith copper 
»nlpb*te and lacrcnnc cliJnn'de 

rot {Cdjtfotri'lvm fefMfuw) — This bit teen the caiite of »erions damage to 
thick cane* in rcrorepire, Amri'tir I-ahorc, and Kamil Pi«lricta For its control in 
the IVrorepnre I)i*!rirt. a vjrirlT of red Manritioa* cane and two varieties of Barbados 
cane*. 1 e , Jl f! 1' 12 (17) and n 6303 oe'e introcluced 15 jears aso. They were 
from redrot free stork and were jrraduillr taken ap bj the farmers to replace their 
local inferted rine« The rettilt it Ihit the entire eirie crop of the district has been 
replaeed It the»e rarirtiet and there it practicallv r.o redret now 

.Vo'ffie — Fipenrrrnli wrre cimed out fo* 3 teir* for the study of the effect of 
eiouie on yield of cane and juice in ttTve Co . 223 nesulti show that mosaic did not 
•cau*e any redurtion either tn jteld or in the perrentige of jiiice 

/'uftfiror.on 

Pome Ol'serrationt on the Motaie Pi«ea«e of Sugireane in the Punjab, 

By 

Jai Chand I.uthra and Abdus Sattar 
/ndifffl Journal of dgriCtt/tural 5eienfr, Vol V, Part VI, December, 1935 
OtUrrd crop* 

Graunilnut — This crop is a recent introduction and is rapidly extending in the 
Ludhiana Di«tnct. Di«ea*e« obsened m this crop are Tikka (£?erco»j)Ora Vtwnata), 
an! Bort Hot cau«cd bv IHnoetoniar $p and Fu^nrium But no further work has been 
nudertaken for want ol staff 

ntfosicii — flape (Tona and Sarson) -~Alt*rnaTia tp sometimes breaks out actively and 
causes tenons damage at the fruiting time This is the only disease of any 
importance. 

potato — In the Tunjab, the potato crop occupies an important position in the hills. 

Tu the plains its cultivation is limited on account of its susceptibility to frost. It is, 
however, grown on a considerable scale in submontane parts, ie-, Sialkot, etc. The 
hill crop is liable to the attack of Phytophthora in/estone (Late blight) In 1914, the 
writer observed it at Simla causing serious damage pirticulsrly near Knfri. Many fields 
Here destroyed by the late blight Since then, it has not been reported from any part 
of the Punjab hills _ 

In the plains, potato crop is attacked by Earlv Blight caused by dfternaria sofani. 
The application of Bordeaux mixture is h^lplnl in checkiog the progress of the disease. 
Further work for study of the course of the disease aiid mode of infection under 
local conditions is needed ^ 

Another disease that has recently come to notice in the Kangra Talley is Wilt : the 
causal fungus is Futnrium ip This is under investigation 

Difease* of potatot* in storage . — Potatoes are attacked by several diseases during 
storage One of these is tuber rot brought about by Fusarium »p. Previous disinfec- 
tion of tuber* with mercuric chloride 1* osefnl but a study of this problem in detail is 
required 

Other crops — Diseases of minor crops, sucli as, melons, pea, caused by Mildews 
sometimes become serious Treatment with Bordeaux nixture has been tried with 
success. 
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APPENDIX IX, F. 

Crop Protection from parasitic flowering plants — ^Phanero- 
gamic parasites. 


(L S S. KUMAU, Kconomic Botanist to tht Governvient of Dombii / ) 

In comparison Mitli the total number of species of the flowering plants on earth the 
Humber of species of phaiiciogamic (flowering) parasites are negligibly few. Yet 
Some of these are of much importance in mcw of the great damage they do to 
■economic crops These parasitic flowering plants are broadly divided into two 
gioups, IIS, hold and hemi-pai.isilcs The holo parasites being devoid of chlorophyll 
and being incapable of tnanufactunng carbohydrate food stuffs are entirely depen- 
dent on their host plant for their nutrition The hcmi-parasites are partly dependent 
on their host foi luitrition |iarticolarly so in the initial stage. Later m life they 
manufacture (heir own carbohydrate flood stuff with the development of green leaves 
and they become partly independent and depend on their host for nutritive materials 
other than carbohydrates 

The parasitic flowering plants differ in their mode of attack. Some of them are 
root piia«ites ns for example b’ofnfam albutn, Slro/a and Orobaiehc I’lscuw album 
(Mistletoe), Cuiruta (Dodder), a«tl Zeranfbus parasitise the aerial parts of plants 
Ra/pfia IS an extreme example of a type of holo para«ite in which the vegetative part 
is reduced to that of mycplial-hkc structinc which lictomes ramified withm the tissues 
of its host plant The only indication ol the presume of tins parasite is at the time 
when It flowers ont«ide the host tissue 

Sntnlain albiini, is an exception among the paia*itcs as it is of great economic Im- 
portance for the essential oil it vields The others aic all destructive types which 
do considerable damage to then hosts 

0! the destructive flowering parasitic plants iusnita, T^oranlhui, Orohaneht and 
Slnga are found in India A great dial of dain,ige is done to some of the cuUt- 
^at«l crops bv '^Irifjia and Orofmneht while Loninthu* cau'e$ much damage to fruit 
trees, in particular to mango A epeeic« of Dofhhr attacis Jurernc in India HcsiJes 
lucerne, Dodder hav not been >b«crved to attack any other cultivated crop in this 
country whoiens in Kiirope it is found on clov«i It is observed that Loranthvs it 
gradually epreading and l.c.avily mfestini road «n1e manco trees and even plantation* 
Perhaps some measure to combat the spread of this parasite will have to le adopted 
In tliosp places where il hns Wcun to it«ica«c in ovto.it In tho ca»e of f'triya and 
Orebii/iilif the spicad is ilrradv von <>vtcn«ivc iiid thr dimagt txiu«i'd is so consi- 
derable lint tliev demanu -enotis attention to cbevV their further tpread The qo**- 
tion of clKiking the itt.uk bv Mic-c two o.ai isitrs will be dealt with separately 
Tho paiasitio flnwen.'g plants atfiii. iliffer in of tlie mode nf germination of 

their seed In the case of ('u'ri'la iiid /’.orn/irAo* lie seeds germinate independently 
of the contact with their ho-* and ihtv est iblisl <xiinie<tion bv nutation of the organ 
which /ir«t develops on the germination of rh< wed <'Jom» to .x ho*t The seed c! 
Ornlintirhr gcimiiiates when moislme i- available and unl-sv contact with its hn«l rix^t 
is m.ule soon it fad" *o develop jnv further and wdl ultinnlely die. The species of 
differ among themselves in re'peet of seed cermination Siri'jn lulra has 
become -o dependent on ho«t that its Med« fail to c«rimnate unless the stimulns from 
the host root hoeoine- .ivailible This ipjH'ns to W .an extreme form of ilependonce 
Seed of Sfrif/a fiz/Jra mulrt germinate readily in water but requires mj.plr of notri 
tion fiom tlie liost for .inv further development 

‘\lr,qn Srrir/o has a wid* host range Imth among nillivatfd an! non rullivs(e-l 

plant* Siighnm sugarcane mai/» rice najh eoro'nsol. toJra ll’ctp^lyn 

tcoTl’irtilniiim) ami .a few ollnr millets are amongst He rai1tivjtr<i flirts ittacked by 
•^<ri/o Vmniig tlu uncultivated graimne.ae f«me of the gr»s-e« act «i it* lo.t* 

The dl«lribiiln>ii of <tri-in l« verv wide thru* -bout India and Ilurtn* anef it is 
founil to cans- con«ider.-v*i1c daniage to ^rghum a* compared to the other erop* it 
Utark- In some jilares the attack i* eo severe tlmt S.>rghuin rron i< rompf<<eIy 
smothered by the parasite The seveniv »nd the vitetit of attack vanes frrpi eeatcei 
to season and it i* not po—ihle to aav the esact e»u«es wlirh in*o>nce attark or the 
degree of its manirestation In some instance » l.eavilv infeste^l f elj fad* u, show 
the same seveniv of attack in a luecefthns }rar wl lie « fi*-! I apfiarefjtJr fr»N* rtr cxIJly 
irfesied may show heavy attack in a later year 


342 


Thercs ate three distinct species ol Striffa which differ in respect of their season, 
of attack and germination of seed. Sluga lutca, S. Dtnsifiora, S. euphra'ioidea sre- 
the three species found on Sorghum in India. A fourtb species, v'tz., Striga Oro- 
hanchioides, exists but does not attach economic crops There is yet another species 
of Striga namely 5. syiphmtu which is similar co S. tuphratioide's in all other res- 
pects except for the sulphur yellow colour of its flowers. A complete sun-ey of the- 
distribution of the different Stnga «pecies has not been made and it would bt interest- 
ing to obtain information on this point if possible In the Bombay Presidency collec- 
tions made in the past seems to indicate that 5 lutea and S', denufiora arc found in 
Gujarat, Deccan and Karnatak. The distiibiition of .S' cuphroaioules appe.irs to bo 
limited to the Deccan. 

In some parts of the Deccan Sirtga appeals on “kharif jowai” while in others it 
appears on "rabi jowar”. Where the Strufa on "kharif” and "rail jowars” are 
distinct ecotypes or not has to be detemmej. 

The fiocstion of checking Stuga infestation is a difficult one since it iinolies oier- 
coming a number of problems. The s^ecl oi Stugn «emnn« viable for a lery lonj 
time. In some instances it has been found that fields not under jowar for 12 to lo 
years were heavily infested by Strujn after all those years when sown with foircr. So 
complete cracfication may havo to be prolonged to number of years before any check 
can ho effected. The production of seeds is lery he.n\y A single plant produces 
many thousands of seeds which are e.-isiK disseminated bv wind. The seeds aro 
capable of resisting adicrse conditions ovei long periods These points explain th& 
capacity of Strtga seeds to be viable for ^o many years 

The most difficult problem to check is fresh infestation from non-cultivatcd areas, 
where Slriga grows on wild host plants Any amount of careful cultivation and the 
destruction of the weed from cultivated fields do not minimise frcsli infestation. To 
control Singa on non cnltiv.iled phanls is net feasible 

In South Africa and Itliodesia n gre.at dial of attention lias been paid to the 
eradication of Striga for the past I5 years and vet (he parasite has not been brought 
under complete ■^ntml by •uUnral practices alone ^.nimlers who did iriKli vvork 
on Striga in South Africa is of the opinion (h.nt breeding of 5/r»ya-resisfant Sorghums- 
often ft solution to the problem Dr S.-)aiidcrs has infoimcd that his work on Strija 
is confined to evolving Stnjo resistant Sorghums (o th" exclusion of others. 

The work done at Poora give-* hopes tlwl it i< pcxfible to evolve Sorghum type*- 
resistant to Striga. 

Orobanche.-~-Qi the fi-onomic crops .itbackcd by Orobonrht. m.anv belong to solan*- 
eeoHs and cruciferous f.imilie« There aie .a hirge number of spenes of this j.-irasit® 
and only two are at prewnt known to alt.-ick cuUnated (rop-«. 0. indien and 

0. etrnt/a. Both these species have ticen reporleJ on (obaico to which they do consi- 
derabln damage. The problem of Orohonrhf i« m some re«pf'cts simihir to that of 
Striga The seeds of the parasite gcrmui.alc in w.ater to some extent but require con- 
tact with the host for further development Tlie seed* icni.ain vi.ible for over ten 
years in the soil and the p.sr.ssite rr.ir>pears when a suitable ho-^t becomes available 
few- prelimiinry etperimrnU e.aiiie<I out indicate 'hat evolving resi«l3nt types of 
tobacco to Otahanthr is mtuh slown wcuK in compirivon with llie work of breeding 
Striga rcsist.ant .^orghnnis 

In ronclusion the J haiieiogimir par.-ioito-< frw as they are present .a serious problem 
! to the siiCTCssfiil ciiltiv.ition of «mps winch Ihev .iftaek The eradienfion of (he*8 

[ p.inisiles is ns important as tho kiiiIioI of 'li«<M«ev and pe«ls which attack crops Up 

to the present attempt* to cnnliol l)ir*e |>.at.isites bv weeding and other practice* dots 
not appear to have offered .a sohilion nnd because of this it is now suggested Ibo^ 
breeding re«i»f.aiil types shonld l>c (»krn up ns nn ajlfmativc means. 
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APPENDIX IX, G. 


Parasitic flowering plants occurring in the Punjab. 


(IlAI SAHIB la JAI CtlAXD LHTIIRA, I.A S., Proftssor of Botany, Punjab 
igucutluTat CtAltgt, I/yaUpur.) 

There are four flowenrif; plants \>hich grow as parasites on farm crops in the 
Funjab and tnng ai>out serious damage m some places 

(1) Btoomroft htlon'jiH'} tc th* < 7 rnui Orotanehe, ftiindy Scrophvlariacir — There are 
two specie* of jl— (n) Otobfnr^t nttalianir, and (A) Ofobnn'ht eernua which occur on 
the roots of tohacco. Otohrnrht ctrnun la also found on Sarson, cabbage, brinjal, etc. 
Orobmcht on tobacco is confined to aMtock District, particularly Campbellpur Tah'd, 
and is a serious pest, ll is found on Sarson in Bawalpindi, Ferozepore, and Gurgaon 
Districts No work on this p.ara»itc has l>een done here, hut the re«ulf8 obtained from 
investigations carried out at the Imperial Agncultiiral Research Institute, Pusa, have 
I'een applied for its control The effective method for getting rid of it is to pull 
it out as soon as it appears above ground. Under no circnmstances should it be 
allowed to grow to the flowering stage By persistent roguing it has been suppreesed. 
% great deal at Hasm 


Broom rape 
By 


Pu&ftrotioii 


Jai Chaiid Luthra 

Sta'onnl .Yofej, Vol I. No 1. May, 1924 
(2) Stn^a.— It 1* a root parasite of sugarrane, jowar, sudsn gra*s, etc , id this 
province There are three ftrm* of it 

(o) S iltntiflora, (4) S tuphrasioiiUt and (el S lutta The first occurs mostly 
on sugarnine and the last two on jow^r In several places, lauds are so much infested 
with it that tangled inas<es of its rhizomes cloviy fill up the sub-soil Sugarcane 
grown on such lands is veiy poor Similarlv with rcgaid to jowar, some lands seem 
to be permanently infected' vvith the eeed of (he parasite Experiments are being 
conducted at the Mona llemourt Depot, where about 40 — 60 acres are .affected with 
Stnga and every year when jower is grown, it appears m profusion .\s this parasite 
also like Orobanehe propagates from seed, the best measure of control is to remove it 
at an early stage before flowering 


Publimtion. 


Stnga as a Root parasite of Sugart.-ine 
By 

Jai Chand Luthra 

■i'jricvltural Journal of India, Vol XVl, Part V, September 1921 

(3) Cuecuta minor {Dodder) famdy Coni oloulacfie — This occurs rarely as a pest of 
farm crops The only uistaiict recorded of »t was on Lucerne m Sargodha, Sialkot 
and MontgoHi'Ty On investigation, it vvas found that the seed of Lucerne was 
obtained from Peshawar and it contained seed of dodder. The infected crop was ent 
and burnt and there has been no further report of its appearau.-e 

Another form Cuecuta refieM is common on hedsies of duranla .and dodonxa Tt 
is a matter of common sight on Ber. (Jujubee) which is its favourite host. It can be 
controlled by picking out every bit of its yellow branches and burning them 

(4) Loranthus lonytflorus, family ZiOranthaero — Thi« ivarisitc m foiin 1 on fJak in 
foresU. OR mangoes, Melia (Bukain) in submontane parts such as Gurdaspur. But 
it 18 not common 
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Tho major wcatlier abnormalities and destnictiTc meteorological phenomena which 
adversely afiect crops are enumerated below : — 

1. Escesshc rains; floods "x 

2. Scanty rains, droughts V Rainfall 

3 Untimely rains j 

4. Storms, cyclones, depressions 

5 Thunderstorms, dust-storms and hail storms 

6 Cold wases accompanied by frost 

7. Heat waves. 

8. E’ccessive or dsfcctiie insolation 

9 High winds 

It win not be possible to discuss fully the various phenomena referred to 
above, but we shall stale very briefly some of their mam features indicating, wher- 
ever possible, how far tho destructive effects and loss of property may l-« niitigsled by 
direct remedial measures or indirectly by affo-dmg relief in other possible vvav« 

3 floods and Droughls . — In India much of the rainfall occurs during the South- 
west monsoon (June to September); the intensity and distribution of rainfall during 
this season determine to a large evtent the succcs jr failure of crops Years m uhien 
^ery large abnormalities (« c . evce'«ivo lain or “flood' ' and scantv rain or 

“droughts”) occur are equally bad for crops If the deviation of the actuil rainfall 
>n a jear is roughly more than tvvice the mean deviation in a seiiev of vi ir«. tint 
Jear may be defined as a jear of “floods” or ‘'Irouglits” according as ihc departure i* 
positive or negative Anvljsin? «lie moii-oo.i lainfall in the thirty «iil>-il.vi»ioin of 
India during jtho si\tj ono vears 1875 to 1955 it is «een that the vears 1877 1609. and 
1918 stand out very promuieiilly as jear» •>! general Irought while f!ie .vesr* 1873, 
1692, and 1917 ore the years iii which “flood'’ or evoe««ive ramfvll oeiiirrnl over 
a large part of the country In two instanfcs at least 11877. 1878 nml 1917, 1918) 
droughts” and "floods” occuticd in adjuent vejr«. but llic’o i* ii‘inllv no regu- 
jan^ in time in the distribution of '’drought*" and “floods ’ Arras nf droughts or 
floods are, however, assocnled into ciiitro' <if dioj^hls or flood* in the vein in win !i 
they do occur 

Table 1 gives the normal ram, the low •« linut of aiinormil liepvrtiire from tie 
normal and the fiequencj of “drooglit*’ and ’ flocxl* ' duiing sivlv <iiie vest* iti the 
different subdivision* It is mtere'ting to note that when we eonuder a lullri'i’tty 
long scries of jears, the freqiiciuie* of drought' and flood* li iin to eiuslTiej 
also, areas with n very low average lainfall ' / niUuht*tau .^ind n.vji'Ul.vni. ete , 
are tho*c where the total number of abiioimabiie* i* mwimwiu in am* lile KoiiVin 
Bengal, Burma, etc, >vhero tie nionroon 1 1 iifvll i« atove CO", ilie fn^niriic* cf 
abnormalities comes down verj much 

T»bie 1 


Name of SiilMiiM*ictn 


■ 

•if 

nlwinrruvt 

n v.i. 

Do „J 1. 

T ’aJ. 

A**Am 

r.t 

B 

ll.-O 

4 

3 

T 

Bengal 

••.A 

B 

|.| o 

r 

3 

7 

On*»* 

41 

5-0 j 

j 


7 

7 


Other factors bWe diseases and IwSts *hv h afset eT-*< a'v sle> ir'sc-^-r-J l» 
• eallirr, t-iit tirse are l-eiiig ib'CMsseJ ae|ara*'l* l» er s;«^*Vcrs 
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Table I — contd. 


Name of Sub-din«ion. 

Normal. 

Moan 
(le\ ia- 
tion. 

Lower 

limit 

of 

abnormal 

departure. 

Flood* 

Droughts. 

Total. 

Chhota Nagpur 

43 

4-8 

10-0 

■ 

2 

3 

Bihar .... 

41 

6 5 

lO-O 

B 

8 

15 

United Province*, Ea«t 

34 

6 4 

lO'O 

B 

6 

13 

United Provinces, 

33 

6 3 

100 


7 

10 

Punjab, East-North 

IS 

4-9 

6 0 

10 

7 

17 

Punjab, South-Wc«t 

7 

2-5 

4-0 

B 

3 

11 

Kashmir 

12 

3-5 

6-0 


8 

n 

North-West Frontier Pro- 
sinco. 

9 

2*4 

4-0 

10 

5 

15 

Baluehiatnn . 

2 

0-9 

1-2 

11 

12 

23 

Sind .... 

5 

30 

4-0 

10 

' 7 

17 

Bajputana, West . 

12 

3-9 

6-0 


5 

12 

Bajputana, Ea«t 

23 

5-6 

• 10-0 

5 

4 

9 

Gujmt . . ■ . 

31 

7 1 

14-0 

5 

6 

11 

Central India, West 

32 

5 1 

10 0 

4 

3 

T 

Central India, Ea«t 

35 

T-5 

150 

3 

4 

7 

Berar .... 

28 

5-8 

10 0 

5 

4 

9 

Central Provinces, ^Vest . 

41 

5 8 

lO-O 

6 

6 

12 

Central Province*, East . 

46 

5 I 

lO-O 

5 

4 

9 

Konkan 

102 

14 5 

28 0 

2 

5 

T 

Bombay, Deccan . 

24 

3 8 

7-0 

4 

4 

8 

Hyderabad, North . 

30 

9 

10 0 

0 

4 

9 

Hyderabad, South . 

23 

4 9 

9 0 

7 

5 

12 

JIj'sore . 

2» 

4 J 

8 0 

3 

1 

4 

ifalabar 

71 

12 3 

20 0 

5 

3 

8 

Madras, South-Ea.«t. 

12 

2 6 

4 0 

5 

5 

10 

Mailm*, Deccan 

15 

3 7 

7-0 

4 

4 

8 

Madras, North 

25 

30 

7-0 


1 

5 
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riooflt — \\c maj now refer to the incidence of actual floods which devastate large 
.Pf Ih** country particularly in the ireas drained by the large river systems 
of India Such flood* occur usually daring epcll* of very heavy rainfall over Iho 
catchment area* ot the river ayrtems The frequency of heavy rainfall over India 
:a Mng di«cu«»ed in n forthcomirg paper by Doraisvsamy and Mohammad Zafar. '^th 
reference to the hevvie*t rainfalt in a day which has occurred during 1891 to 1920, 
they come to the following roncintions.— 

(1) Fall* erceoding 5* in twenty four houre have occurred over the whole of 

Iniliv excltiding north ea«t Da1uchi<tar. and parts of the north-west fron- 
tier. 

(2) Fall* h.ave not ovceeded 10" tn twentj-fom hours over most of the 

interior of the ren»n«ula and of Hurtna and in a few districts in the^ 
central parts of the connliy 

(3) Fall* of 15" to 20" m twenty four hours have occurred all along the vrest 

coast including Cjjr.vt and Kathiawar on the South Coromandal coast, on- 
the north Biiim.v cov*t. rn South Assam, in Bengal and parts of Bihar 
and Ori*sa and along the foot of the Himalavas 

(^1 .\ few i'oHted fall* of 20" and over have occurred in the plains 

(5) The gicale*t f.vll of over 40" lu* occurred at Cherrapunjt in the Khasi* 


WTieii Jieavv rainfall cceurj con*eculivc!) on a iiumbir of days, and particjlarlj ovor 
ttie catchment areas of tie rivers the magnitude of the ensuing floods may well be 
imagined For such large scale phenomena there is no immediate and direct remedy. 
But a careful sifting of the fads of forestiy m India has shown long ago (apart from 
possible influence of fore«ts on riinfall) that wc are paying now for the en-ors of the 
past, for the indiscriminate and wholesale destruction of forests The forest depart- 
ment ha* appreciated the vital importance of iully developed forests over catchments 
for chKking erosion and tl-e rapid drainage into the rivulets which discharge into 
the major rivers and th'ir trihutanos By retarding surfaie drainage, the onrush of 
the waters is stemmed and the peak of a flood is as it were delayed and smoothed 
over Planned afforestation of the denuded areas is the only remedv’ anil the activities 
of the State in this direction should receive every support 

Droujhit — The problems raised by droughts relate not oulv to the careful collection 
of ram water in a system of tanks, bunds, lakes, etc . but al<n to the crm*ervaiion of 
the available water m suHi reservoirs .vnd in the sod as far a* possible 

Methods of preserving sub *oil water, by surface lultivation, mulching, etc, are m 
Use over dry-farming tract* where droughts aie the rule, but in 'U'h ai\as the soil 
has usually a high water I old mg tapacity In areas like the Indo Oangetic alluvial 
plains rain water percolatce into lower layers and water in canals welN. etc . is the 
only possible source of moisture in dioughty years If these supplie* al«o fail, Ihero 
18 no remedy When one review* this pioblem it becomes clear that attempts should 
be made to check evaporation fum the «oil as well as from the sources of water 
supply like lakes, canal*, tanks, well* etc The rate of evaporation is proportional 
to wind velocity and the •vtiiiation deficit Although we cannot alter the general 
air circulation over the coiiritey it it> po'sible to delay- the air movements at the surface 
and thereby to derr«!*e the )o«5 by evaporation We «haU refer to th*S subject again 
later on 


4 Ct/donic ileprtfuonf and s/orms —Besides th* setting m of the monsoon early in 
June. Its evten.ion into India during July and Au^rt and finally its retreat south- 
wards m September and Oelol er. weather in India is influenced by other major 
phenomena like cyclonic storm* and depres^irn* 

(1) Fa'trrn deprttuont — The fluctuations in the intensity of the monsoon itself U 
to a large extent associated with a senes of depres*'ons which mo<tlv originate ,t 
the head of the Bay of Bengal and travel in a north westerly direction arro*s th» 
country towards north west India, causing heavy rainfall along their track The fre- 
quenev’ of such depressions is three or four per month 


(2) TTesterR depressions — During the period November to May, a series of western 
depressions enter India through Baluchistan and the North-West Frontier, and move 
eastwards through North India towaids the iK^h-east frontier. These depressions. 
«iu*« cloudy weathtr and light rains accompanied later by cold waves in winter. 
Their frequency is on the average two in November, four to five per month daring 
December to April *ud aVout 2 in Mar. 



Table I — contd. 


Nome of Sub-divi«ion. 

Normal 

3Icfln 

devia- 

tion 

Lower 

limit 

of 

abnormal 

departure. 

Floods. 

Droughts. 

Total. 

Chhota Nngpur 

■13 

4 8 

10-0 

1 

2 


Bihnr . 

41 

6 5 

lO-O 


8 

15 

United Province«, East 

34 

6 4 

10-0 

7 

6 

13 

United Provinces, West 

33 

6 3 

100 

3 

7 

10 

Punjab, East-North 

18 

4 0 

6 0 

10 

7 

17 

Punjab, South-We«t 

7 

2 5 

4 0 

S 

3 

11 

Kashmir 

22 

3-5 

C-O 

3 

8 

11 

North-West Frontier Pro- 
vince. 

9 

2-4 

4-0 

10 

5 

15 

Baluchistan . 

2 

0*9 

1-2 

11 

12 

23 

Sind .... 

5 

3'0 

^•0 

10 

' 7 

17 

Rajputana, West . 

12 

3-9 

6-0 

7 

S 

12 - 

Bajputnnn, East 

23 

0-6 

. 10-0 

5 



Qujrat .... 

31 

7 1 

14-0 

5 

0 

It 

Control India, West 

32 

5- 1 

lO-O 

4 

3 

7 

Central India, East 

35 

7'5 

15-0 

3 

4 

7 

Bcmr .... 

28 

6-8 

10-0 

5 

4 

0 

Central Provinces, Wo«t . 

41 

5 8 

100 

C 

6 

12 

Control Province*, East . 

4G 

5 1 

10 0 

5 

4 

9 

Konkan 

102 

14 5 

23-0 

2 

5 

7 

Bombay, Deccan . 

24 

3 8 

70 

4 

4 

S 

Hyderabad, North . 

30 

9 

10 0 


4 

9 

Hyderabad, South • 

23 

4 0 

9 0 

7 

5 

12 

Mysore . 

2.* 

4 2 

8 0 

3 

1 

4 

Malabar 

71 

12 3 

20 0 

5 

3 

8 

Madro-s, South-Ea»t . 

12 

2 0 

4-0 

5 

6 

10 

Marlro", Deceau 

15 

3-7 

7-0 

4 

4 

0 

>radrAS, North 

75 

3 0 

7-0 

4 

1 

5 









The expcrionco in America that the losses due to the space taken up by the 
vind krraki, and due to the water remoicd from the tields by the root-systems of 
the trees »nd shrub*, arc more than made up by the increased yields in the pro- 
tected area and by the aulue of timl>er. 

Hefore concludini; this section it it interesting to note that a nation-wido awaken- 
ing in regard to planting trees according to a W'oll considered plan not only in our 
denuded fore'ts, but atro over our cotfiialcd areas is urgently called for. 

Conelution — Owing to the aery wide scope of the subject of crop protection against 
adverse weather m a suh ronlinent like India with its saned climates, and crops, it 
has not been possible to do more than to touch in a very sketchy manner the various 
problems involved Wiile the methods of protection are simple and feasible in some 
-eases, m others the isolated fanner is helple«s without the aid of the State It is 
hoped that tho di*cu'*ion to follow would supplement this brief note and indicate 
future lines of work 


lieltttnett 

(t) Walford — "Famines of the World" (Edward Stanford and Co ), p 
(2) Ilamdas, L. A —Current Science, Vol 3, p 325, 1955 
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7. Iltai tratjj — Just as cold \ra\cs arc iiijunous lo crops in winter, heal wa\es in 
summer are also prejudicial lo their well being*. The frequency of days with 
abnormally high masinmm air temperatures, eg., 109*F, 105*F, 110*F, etc., fus been 
computed for a net-work of stations in India From charts showing these frequencies 
it is clear tliat the centre of high frequency of maximum temperature of lOO’F and 
over lies in the Dcccan and the central parts of India during March, April and May. 
The frequency incrc.sses from 20 in March to 50 in May osci the Deccan, but once 
the monsoon sets in the centre of high frequency shifts towards NorthAVest Indi.a. 
In July and August, Madras South-east is another centre of high frequency. The 
frequencies of J05*F and o\cr show verj similar tendencies 

8. />cej'i*ie or Dt/tclive intolat.on; abnnrm^H'j fnijh or loiv toil tcini-cratures.— 
Insolation is a function of the inclination of the solar raj-s, the length of the day, and 
the transpaicncy of the atmosphere During clear dajs in summer, soil temperatures 
in connlnes lik'e India reach xerj* high ralms, particulaily on days when air move- 
ment is weak. Experiments made at Poona show tlut on such dajs a thin cover of a 
white sub»lanco like chalk powder depresses the soil temperature at noon by as much 
as'18* to 20*C at the surface and by d-«reaMiig amounts lower down A black 
cover is useful for absorbing the insolation fiillv and heating up the soil layers as 
much ns po««iblc dining d-ajs with wc.-.k in<-<>]atior> Tlie efTcct of wetting the surface 
IS to depress the soil surface temoenatiiro by al>otit 15‘C, but the cooling eficct is 
duo to heat lo«s by evaporation and would hv't oiiU as long ns there is moisture m the 
soil to evaporate. 

The fun(famental importance of clear stmshiiie to pholo-ijnthesis m plants is well- 
known. During cloudy weather lliis activitv is decreased", thus retarding growth; 
alio conditions become favourable for cerlam iliseases ami pests Cloudiness is also in- 
jurious to crops during certain cntieal epochs like flowering 

0 Ifiyh ifindi— The cITocts of high winds aic minj The mech.mieal effect and 
pssiblo damage to standing crops are obvious If the air is cold, the effect of the 
high winds is to cool obj'ycls very rapidly and the re-ult of such cooling of plants is 
disastrous if frost sets in. On the other baud, if the ar is hot, llie saturation deficit 
would be high and tin rate of c'ajMiration fioir w.-itcr reservoirs, from plants and 
trcee, will increase enormously. On such occasions, plants arc known to wilt and 
dio owing to tl c rapid desiccation t In .ill these ca»es. it is oIjvious that the 
clear sweep of the win<is across the countr} sliouhl he chrcketl Wind hrciks are 
tho only remedy. Wind breaks should consist <»f a line of trees planted ns far as 
possible at right angles to the most frequent wind direetum When the trees grow 
up there will 1» gaps between tho tree-trunks These «h<>idd be lilockcd by grow- 
ing another line of trees or thmbs. The United St.»tes ot \merica Ins considerable 
<ipcricr.cc on this subject. “.kn ido.il wind break for cheeking wind currents would 
have the contour of an earth dim. In the <<iilr.il lowi would be planted the tallest 
trees, such ns cottonwood on cither stde. tovvi of shorter trees Mieh .<a nsh and loc«*t; 
nd onlside of the*", low bushes or cedars. Fiicli .i wind bre.ik would not be ruily 
penelratcl, and its inclined aurbicc would direct thr air currents upward and relieve 
the horironlnl wind pressure", (Farmers* bulletin. No 1405) In India we have t<' 
lay down simil.ir spcf ifications for an ideal wind break The numerous effects of a 
wind break miy be stated as follows: — 

1. Checking air movement and thus nfi> i<lmg protection to the fields and to 

orchards 

2. Checking of the movements of the top soil aiul consequent prevention of dust 

storms in area* where the soil m sindj. or verv fine 

3 ne<liicing ev.ipnr.iI|onj thi* happins in two ways, ri; , by reducing vrinJ 
velocity aiul by decreasing fatu-atioii deficiency (due to water tranvpired 
by the tree*) 

4. They give thide to the farm. 

5 Older trees would serve as timber and can lie replaced hy younger plants 

• lyh'nbiner (>mith. ".Xgricultural Meteor«ilogs'*, page 71) l.as shown ihsl the 
growth rale index is only 1 at 4 b^C, and 45 001' wliereit It Is a* high 
tempentore of 52*C: f’n the high temperalnre side the Index clecreaies lo 65 si l.- 
(JOOOF) and to .30 at 4rC (ia5*F) 

+Tb* shrivelling rf’'Tt of an nnfimely b, at wsve on grain* at the milk •■i-.'* 
wrll krowD 
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29*F., lbs thenml 


Wgh t«n|vfntn»t— the iporce do not lose their viabiUty eten at : 
death point of the ipores being E5*C. 

The 'rati' disease first appears in tho middle of Angosl and reaches 
JU tejaimM InfcnsitT by the end of September when the temperature goes down 
and there is heaner dew fall. 


Control .1fe<wi.Tfe.-~Pad(ly seed treated for ten minutes in hot water at fi4*C. gires 
complete control against primary attack at the seedling stage. But the process is 
tedioM and likely to fail if lunicient care is not taken to maintain correct temperature 
and time. Chemical treatment by mercoric compounds altbongh very simple to handle, 
giTM full control over primary infections at seedling stage but provides no protection 
>gaii^ secondary attack late in the season. Hot water and chemical methods of 
treating p^dy seed haring failed, breeding of resistent varieties was taken in 
hand. Thb rwk was carried out by the Rice Xljcologist (Dr. Ramcbandani) in 
co-operation with the Botaniit (R. S K. I. ‘Ihadani). Several improved strains of 
Tice evolved by the Botanist formed the foandatfon from which selection of resistent 
progeny was to be made. The main rices of North Sind may be divided into two 
classes (1) early maturing — high yielding and medium quality rice, e.g., Kangni-^ 
Hybridi between Kangni of Sind and Kolnmba of Bombay; (2) Longer period of 
maturity — less yield and fine quality rices known as ‘Sugdasi’ or scented rices, t.g., 
Jajai, Prong, Bcngalo, etc. The detailed results of the work on breetling of resistent 
strains have shown that tho hybrid strain of Kanimi (Smd) x Kolumba (Bombay) 
rice called the 'Silver Jubilee’ rice has mainlained ita high resistenee to ‘rati’ disease 
and at the same time is high yielding It has been further found that in almost 
all tho principal varieties of rice under stwdv it has been possible to get strains 
by-selection which are far more resistent to ‘rati’ attack than the ordinary unselected 
teed of those varieties grown in (he district. 

The other fongoid diseases found lo Smd are the boll-rot of cotton, rust of wheat 
and the root-rot found on many crops, t.o , cotton, tur castor, soya-beans, groundnut, 
tto. 

(d) TTitA r(/<r<nc< to prottetion from porasitic ;foifering jJanU : 

So far no work has been done on the parasitic flowering plants damaging crops. 
The most noticeable pests in Smd are the Stnga on ;owar, Orobanchie on tobacco and 
Dodder on babnl trees. In case of Stnga on jowar, the only remedy found niefnl 
Is not to grow jowar on the same land for a couple of years 

(e) With reference to proteetion from effeete of climate • 

Crops in Smd are liable to seasonal variations aod e&eets of climate. It has 
been found that if wheat is sown earlier than mid November m middle and North Bind, - 
it 18 liable to attack by frost and if sown late. 1 1 , after first week of December, 
to 'rati' disease. Long cloudy weather during the cotton growing season and rainfall 
bring about attack of Jassids and boll norm in cotton Westerly winds bring about 
sterility in rice Oilseeds are most liable to frost and insect pests under certain con* 
ditions of the weather hfeteoiological observations are recorded at Sakrand to cor* 
relate weather conditions with crop growing. More attention should be paid to agricul* 
tural meteorologj-. 

So far the only steps taken to combat the weather conditions are finding out the 
optimom time of sowing of crops to esiape the abnormal condition, e g , frost, irriga- 
tion of crops when frost is expected, combined with smoke ecrcens, and greater study 
•of the eflecta of climate on crops. 
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(8) The damage done by the injunons rats mainly affects nee and is of three 

oifferent types, namely, the cutting of the seedlings, the sucking of the 
carheads in the milk stage, and the removal of the earheads when fullv 
developed. The last type of loss is by far the most serious, and in 
plague years, rnay mean the loss of a large proportion of the crop. In 
ordinary years it comca to one or two annas in a rupee. 

(9) Of all the poisons tried atiychnme was found to be the best and quickest 

in action, its dose beinp 0 25 to 05 gram Barium caibonate and white 
arsenic are not so effective, their doses being 3.0 to 4 0 grains and 0 5 to 
1.0 grain respectively. Plastei of Paris and “Farmer’s Vermin Destroyer’’ 
(a proprietary phosphorus preparation), were found to he unsatisfactory 
even with high doses. 

(10) The addition of gur (r.aw sugar), oils, etc , does not in any way improve 

the value of the bait, but on the other hand reduces it. 

(11) Cooked flours and crushed wheat when mixed with poison form very 

good baits. About 5 to 8 grammes of the prepared stuff may be used 
» for each burrow. The baits can be kept in the oseuing inside the buTro\YS 
which are mostly found open. The results of the poison baits are not 
/ very satisfactory as only about SO per cent, of the rats eat the poison 
and are killed. 


(12) Fumigation with carbon bisulphide by means of the Suddeth Fumigafor 

is the surest method of destroying the injurious rats. With one pound of 
carbon bisulphide it is possible to treat about 40 burrows Sulphur 
. fames and tobacco smoke generated by means of the White Ant Extermi- 
nator though found to be successful could not he pioduceil so easily. 

(13) Hand digring and destruction of lals if systcmaticall.i practi«ed will 

considerably redaco the number of rats though the work will be hapha 
fard. But there is limited scope of this on account of the difliculty of 
getting skilled laWur. 

(14) The best time of the o;>eration of fumigating is fiom the middle of August 

to the end of October. During this period most of tho rats are attracted 
to the rice fields and their buirows are shoit 


{b) Wilh referenct to proUelion from insects : 

Preliminary investigation on the ‘rnro' or ‘xnahlo' pest of nee in Lower Bind lias 
been carried out. This disease Is said to be eansed by an insect belonging to the 
Jassidae family. The damage is caused by the extraction of sap from the leaves 
and the excretion of honey dew upon which sooty mould fungus (capnodium sp) 
grows. This disease spreads quickly and spraying m the early stages has been found 
to bo useful. Of the spraying materials tried, Maliriol, tv product of Bunnah Shell 
has been found to give belter results than Fish Oil Bosi? Soap and tobacco decoction 
This disease if uncontrolled is likely to cause lery great damage to the rice crop 
in Lower Smd It has been found that If there is o shower of rain when tho attack 
breaks out the insect disappears. The ‘mahlo’ disease of mangoes and of cotton 
are also cinsed by Jassids and require investigations The other important insect 
nests found "tilng damage in Sind are the white ant, spotted and pink boll-worms, 
Se stem borers of jowar and sogarcane. Information on such insect pests found 
'eommonlv IB many provinces of India should be put together and compiled m the 
of* a bulletin by the Imperial Council of Agricultural Bcsc.-irch, so that tho 
l.incial Ekitomologisls may be free to ilcvotc their time to local pests. 


(e) nTfA^ reference to protection from fungi i 

The only resear* '.o'k “"iej M. the Inogoi.t .tUe.w. m S.n.l l. the 'rail' m 
•bnT™ «pot’ <!:«»!= >» Sind mid.r the oii.p.ce. ot Sir Derid Se-oon Triiel Fund, 
by the Rice Slycologht (Dr. J. 0 Ramrhandani). 

W.n,;/lMi;on.-Dr. Remehradani haa found that tin. dil.a.c ia caujed by a 
/aenripe^o .ndminthosooriuiii oryaoo Bredda da Ilann.’ The disease IS earned 
fongna t””™, seed .and old n.tntrd .trao- The fongos 

S liveaTi the soil for o oomher of years. Comrarati.r etody o! both Japaoese 
S iS stsain ot Ilelmmlhosponoo. oo-s"e sIko" that both ore practically identical 
in shape, site and colonr. 

^ show that the fungus can grow on frnila, segctsbles, cereals 

Cnltural .ludies on Ilvdrogen Ion concentration show that the fungus 

“rnbraf^very wide range of PH s*T«e. The fungus can st.and scry low and ve^ 
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APPENDIX IX, L. 

■The deslrabllty ol Introducing legislation to control fruit 
■, nursery plant production. 

(SAUDAU SAUIn SARDAll I.AL SIKQII, Ftvit Sptctoliit, Punjab.) 

It is ho pxac^fralion to saj tl>,*t thf grrat^at factor tn the success of fruit indtistry 
is the inppljr of reliable nursery plants. Mistakes committed in the selection of plants 
cannot be rectified except at a Kreit cost and that too after many years. It is 
eery difSenIt and almost impossible for a purchaser to ascertain dofinitely the variety 
of fmit plants that he it purchasio]; and it it after many years of hard labour and 
immense expense that he diicorrrs the genuineness or otbersrise of his stock. It is 
the greatest risk that a fruit grower has to mn. A mistake in this may mean a 
disaster to a fruit grower. The Jtoyal Commirsion on .Agriculture had rightly empha* 
sized the importance of this a*pcct of the Fruit Industry. This question becomes 
all the more senoas when we realf«c >«»« reckless and unreliable most of the nursery- 
men are in this country and it seems almost a crime that thc> should be permitted 
to pl.T their trade of di<hr>nrtty Tlicrc an numerous instances where people have 
paid Its. 4 to H-s. 5 per plsnt which were alleged to be of bloodrtd variety of malta 
orange bat which liter on turned out to Ih- most ordinarj malta orange plants. 
Recently, a certain nnrserym.iti was aide to sell to scores of fniit growers in the 
Punjab, thousands of pl.snta at a cost of Its 5 to Rs 7 80 per plant which were 
aJleged to be grape froits of best qualiis but which on 1>earing turned out to be 
ordmarv pomeloes or shaddocks worth a few annas coch There ore nurseries which 
are roost senously infested with all sorts of insect pests and diseases, and are 
serving as breediog ceotRs for dt«eav germ« Other countries have been forced 
to enact legislation to control the production and supply of nnrsery plants — true to name 
and free from disease— but there is at present no law in India which would effectively 
prevent a nurserjman from coromilting such frauds Unles* this is done, we may not 
W able to develop the fruit industry on sound lines in this country 

(n the Punjab wc had tried a soluntari' system of bringing on our list inch 
oursenes which agreed to abide by our conditions but this method proved a failure. 
Tbe other method is for the State, to produce the plants on a large scale for supply 
to people at reasonable price as is being done in other countries like Egypt, Palestine, 
etc , but this procedure is open to the objection that we are killing private enterprise 
It seems, thcrefoic, nece<s.-trv th.st wc must adopt tbe same procedure that other^ 
countries have been forced to adopt, vi:., to enact legislation which would make 
It compuNory for every nurseryman to have his nursery registcrde, to produce plants 
of only standard varieties, true to name and to keep his nursery* free from insect 
pests and disease This Icgislalion may appear to be drastic but unraliable nurserymen 
cut at the very root of the fruit industry which must be protected against the fraud 
of irresponsible people. -After aif the inferests of a few nurserymen each prodnring 
a few thousand rupees worth of plants, aR nothing as compared with the huge inveat* 
meat that fruit growers have to make and the consequent losses that they have to incur 
aa a resist of the diahonesty of these people. Irresponsible nurserymen, in order 
to make a profit of a few hundred rupees, make the fruit growers suffer a loss of tens 
of thousands, if not lacs of rupees. Details of legislation need not be disenssedi 
here. 
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APPENDIX IX, K. 

Eegislation to prevent importations of new varieties of sugar- 
cane by non-offleial bodies in provinces. 

(Note received from the Government of Bihar). 

I. The rapid development of {he sn^far indostr}' ns a rwult of protection has 
afforded on incentive to incrcMcd aertape under cane Ly the prowem and the prowing 
desire on the part of the and mill estates to import canes that have proved 

their usefnlncss in other provinces in the hope of getting better sugar ana cane 
yields. Instances are not laclcing where such importations hsve been made wilbont 
reference to the local Department of .Agncullurc. Cases have occurred where canes 
that have not beer, approved of in a |\irlieular tmet as a result of detailed Inals 
by the Department have even bwn indented for. The latter cases have been parti- 
caJarJy evident after the Jevj* of iatemtl ctcmo on eugar and the firation of miounam 

E rico both of which arc alleged to have dwindled what margin of profit there was 
I the mannfactare' of angar. 

II. Dut in search of profits the miller has <ompIeteI\ lost sight of the one fnnda- 
mental law of Agrobiology namely, 'environment* Every agrotype lias a certain range 
of adaptation in which it would do its beat and that 'loc.il suitability' is predominant 
phase of selection. Soil T^e and its sorrounding environment swries from place 
to place and what v.aricty would soft a parlicnlsr set of rondjfJon«« reina'iM definitely 
more a matter of trial under that set of conditions. Co. 281 is a case in view. This 
variety whilo not generally suiting this country has made its n.ime in Florida and 
elsewhere. So that unrecognised importaltons of the nature diseus«cd in I alovc 
can hardly lead *<> anjihing but chaoe— and thev have already led to disappointment 
in number of cftse**-as the Provlnees may well be flooded in time with serertl 
varieties of cane of the characteristic* of which the members of the Dep.irfment be 
in complete ignorance. What i« more menacing is danger of new peils and disease* 
*ccofflj»Dying *ueh iraportatiors. This wonld eertainly be negation of co-opefative 
resear^. . , » 

III It is therefore arced that such uncheeked importations be put a step to and 
Iba AgrieoUural Department given the fullest eo-eperation in their work to choei# 
what is h'Jt for the tract and for the fnduslty. 
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APPENDIX IX, L. 

■The-desirabllty of introducing legislation to control fruit 
•i. - nurseiy plant production. 

(SABDAR SAHIB SARDAR LAB SINGU, fruit Sptrtalitt, Punjab.) 

It is ho essKgeration to say that tho greatost faotor m the success of fruit industry 
IS the supply of reliable nursery plants Afistakes committed in the selection of plants 
he rectified except at a great cost and that too after many years. It is 
Tery dimcnlt and almost impossible for a purchaser to ascertain definitely the variety 
of froit plants that he is pprehastog and it is after many years of hard labour and 
immense expense that he discovers the genuineness or otherwise of his stock It is 
the greatest rbk that a fruit grower has to ran. A mistake in this may' mean a 
faster to a fruit grower. The Royal Commission on AgrienUnre had rightly empha- 
sized the impor^Qce of this aspect of the Fruit Industry’. This question becomes 
all the more serious when we realise how reckless and unreliable most of the nursery- 
men are in this country and it seems almost a crime that the; shoulil be |icrmitted 
to ply their trade of dishonest! There an numerous instances where people have 
paid Rs. 4 to Ra. 5 per plant which were alleged to be of bloodred vanetj of malta 
orange bnt which later on turned out to Iw moH ordinary m-ilta orange plants. 
Recently, a certain nurseryman was able to sell to scores of fruit growers m the 
Punjab, thousands of plants at a cost of R« 5 to Rs 7-80 per plant which were 
nUeged to be grape fruits of best qaaluv hu( which on hearing turned out to be 
ordmaiy pomeloes or shaddocks worth a lew anna# each There are nurseries which 
are most seriously infested with all sort# of in«ect peits and diseases, and are 
serving as breeding centres for disease germs Other countries have been forced 
to enact legislation to control the production and supply of nursery plants— tme to name 
and free from disease— but there is at present no law in India which woold effectively 
prevent a nnrseti'man from committing such frauds Unless this i« done, we may not 
be able to develop the fruit industry on sound line# in this country 

In the Punjab wc had tiied a voluntary svstem of bringing on our list aneh 
nurseries which agreed to obide by our conditions but thi« method proved a failure. 
The other method is for the State, to produce the plants on a large scale for anpply 
to people at reasonable price as is being done in other countries like Egypt, Palestine, 
etc., bnt this procedore is open to the objection that we arc killing private enterprise. 

It seems, thcrefoic, nece^.nry that we must adopt the same procedore that other- 
countries have been forced to adopt, vi:., to enact Icgulaiion which woold make 
it corapul'ory for every nurseryman to have hi# nurwry registerde, to prodoce plants 
of only standard varieties, true to name and to keep hn nnrserv- free from insect 
pests and disease This legislation may appear to Iw drastic but unreliable norMiytaen 
cut at the very root of the fruit industry which must be protected agaimt the fmnd 
of irresponsible people. After all the interests of a few nurserymen each pr^oeing 
» few thousand rupees worth of pUnts, are nothing as compared with the huge invrst- 
ment that fruit growers have to make and the consequent Josse# that they have to lacor 
as a result of the dishonesty of Iheso people Irresponsible nurserymen, in order 
to make a profit of a few hundred rupees, make the fruit growers suffer a lo»i of tens 
of thousands, if not Isc# of rupees. Details of legislation need not be discussed 
here. 
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^ ' APPENDIX IX, K. 

•LegisJatlon to prevent importations of new vancl 
cane by non-oBJcial bodies in provinces. 
(Note received from the Government of Biii , 


I. The rapid derelc^ment of the sugar industry as o result of [n 
itSorded an incestiTe lo increased acreage under cane by the growers bcJ 
desire on ibe pmt of the miller and mill eslstea to import canes that 1 i 
their nsefnbess in other provinces in the hope of getting better sng . 
yields. Instances are not lacking where each importations have been m-.<' 
reference to the local Department of AgricuUarc. Cases have occurred vl , 
that have not been approved of in a particular tract ss a result of (let's!' 
by the Department have even heen indented for. The latter cases base h'V 
colarly evident after the levy of internal evcise on sugar and the fixation of rr 
price both of which are alleged to have dwindled what margin of profit tin! 
la the mannfactare of sngar. 

II. But in search of profits the miller has completely lost sight of the one fu-. •, 

denial law of Agrobiology namely, ‘environment*. Every agrotype has a certain ra. 
of adaptation in which it vroold do its best and that 'local suitability’ is predomin*!;'!. 
phase of Belection. Soil and its sorronnding environment varies from plicj 

to place and what variety would soit a particnlar set of conditions remains dcfinitel/ 
mom a matter of trial under that eet ot cenditioBs. Co. 2$2 is a caso in view. TjjJs 
Taxiety while not generally soitiog this conolty has made its name in Florida and 
^sewbere. 8o that unrecognised importations of the nature discussed in I above 
can hardly lead to anything bat cbaos-sind they have already Jed to disappointment 
in number of cases— os the Provinces may well bo flooded in time with severel 
vnnettes of cane of the characteristic* of which the member* of the Department be 
in complete ignorance. What is more menacing is danger of new pests and diseases 
accotnpaoyiog importations. This would certainly be negation ot co-operalWe 
researu' 

III U is therefore urged that sacli unchecked importations be pul a stop to and 
lha A^cnltnfal Department given the fnliesl co-operation m their work to ch(»s* 
what is best for the tract and for the indostiy. 
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-The deslrablity ol Introducing legislation to control ImiL 
- nursery plant production. 

{SARDAR SAHIB SARDAR l.AI. SINGH, yrvit Spteialut, Punjab.) 

It is ho csa^gcration to »ay tk.*t the greatest factor m the soccesa of fruit indwtry 
is tJi® •'ipply of tellable nursery |>laTits. Mistakes commilled in the selection o! plants 
cannot b« rectified except »t a great cost and that too after many years. It is 
Tery difficnlt and almost impossible for a purchaser to ascertain definitely the variety 
of fruit plants that he is purchasing and it is after many years of hard labour and 
immense expense that be discorera the genuineness or othervise oT his stock. It b 
the greatest ruk that a fruit grovrer lias to run. A mistake in this may mean a 
disaster to a fmi't grarrer. The Koyal Commission cn Agncnltnre had rightly empha- 
aixed the importance of this aspect of the Fruit Industry. This question bectwes 
all the more serious when we realise how reckless and unreliable most of the nuraery- 
men are in this country and tt seems almost a crime that tbc> shouUl be permitted 
to ply their trade of dishonesty. Tlierc are numerous instances where people have 
paid Bs. 4 to Its. 5 per pl.int whieh were alleged to be of bloodred variety of malta 
orange but which Liter on turneil out to Is* mo»t ordinary m.ilta orange plants. 
Recently, a certain nnrTerjTn.in was able to sell to scores of frmt growers in the 
Punjab, tbou’ands of pUnts at a cost of R« 5 to Tb. T’B-D per plant which wrre 
alleged to be grape fruit* of be«t quahti but which on lAearing turned out to be 
ordinary pomeloes or shaddocks worth a few annas each There are nurseries whieh 
are most scnoualy infested with all sorts of insect pests and diseases, and are 
serving as breeding centres for di«eaie germ* Other countries have been forced 
to enact legislation to control the production and supply of nnrserv plints-^rus to name 
and free from disease — but there is at present no law in India which wonld enecuvsJy 
prevent a nurserjmaa from committing such frauds Unles* this u done, we may nw 
be able to develop the fruit iodustry on sound lines in this country 

In the Punjab wc had tned a voluntari* system of bringing on our list sueh 
nuraeries which agreed to abide by our conditions but ibis metL<^ proied a failure. 
The other method is for the State' to produce the plants on a large scale for supper 
to people at reasonable price as is being done in other countries like Egi'pt> Palestine, 
etc., but this procedure is open to the objection that ue are killing pniatc enterprire. 
It seems, tliereforc, necess.'iry that wc most adopt the same procedure th-st other 
countries have been forced to adopt, ri:., to enact legislation which would make 
It compulsory for every nurseryman to have his nursery registerde, to pradoco plants 
of only standard varieties, true to name and to keep his nursery free from insect 
pests and disease This legislation may appear to be drastic but unrelialde nurserymen 
cut at the very root of the fruit industry which must be protected against the fraud 
of irmponsible people. Alter all the interests of a Sew Tiurscrjmen eadi proAuring 
a few thousand rupees worth of plants, are nothing as compared with the huge invest' 
ment that fruit growers have to make and the conseqaent losses that they have to incur 
as a result of the dishonesty of theso people Irresponsible nurserymen, in order 
to make a profit of a few hundred rnpees, make the fruit growers suffer a loss of tens 
of thousands, if not lacs of rupees. Details of legislation need not be diseosaed' 
here 
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APPENDIX IX, M. 


The registration ol and check on private nurserymen in 
British India and the issue of health certificates for 
export of live plant material. 


tNote by the Director of Agricultnre. Kashmir.) 

It has been obserTcd, for the last few years that a number of private individuals 
have fltarted raising fruit nursery plants including ornamental plants for commercial 
purposes throughout India. All these petty nurserymen are advertising their st^k 
even in publications issued by the Department of Agriculture None of these nursery- 
men despatched plants accompanied with Health Certificates, and to the best knowledge 
•of the undersigned, none of the live plant material which is exported is fumigated 
•or given any other treatment against plant disease* or insect pests, which any parti- 
cular species of plant is apt to carry along with it. 

Since last year. His Highness’ Government. Jummu and Kashmir, hare under the 
■Crop and Plant Protection Eegulation (Act No. 2 of 1990), placed a ban on the 
import and export of live plant material unless it is accompanied by a Health Certi- 
■ficate or checked hy the Director of Agricultnre. The section of the Act under 
which this action has been taken, reads as under .* — 

"Under section 4 of the same (The Plant and Crop Regulation, Act No. 1 of 1990) 
•the Revenue Minister hereby notifies for the information of all concerned— 


(iii) that the removal of any plant, tree or part of a plant such as scions, 
grafts, stock and leaves of apples, pears, peaches, plums, ouince, dierry, 
walnut, currants, berries, rose, rosa species (including climoers), Cydoiua , 
Japonica, flowering cherry, flowering prune, and figs and willows, from 
one place to the other within or outside the quarantined area is prohibited. 

* Such plants or parts of phots shall he liable to an inspection of the same 

by the District Agricultural Officer, and if found infected shall be destroyed 
at the owner’s cost. 

No such plant may leave the nurseiy or tlie place of its origin without a Health 
'Certificate in the following form which w^l be issued by the Local Board or the District 
Agricultural Officer : — 

. "Issued to— —address Tehsil ^District 

Certified that the plants specified under are declared healthy and permitted to be 

exported to (Here give specification of plants, parts of plants, scions, 

grafts, etc.). 

, ISd.) President Local Board, 


Tehsil.” 


' (iv) that all bulbs, roots, plants, parts of plants, scions, grafts, stock with 
packing material should be got inspected by the District Agricultural 
Officer on their first entry into the Kashmii Valley with a Health Certi- 
ficate from the country of their origin. If these aiticles are observed 
infected, the same wiu be either treated or destroyed at the owner's 
cost ” 


In this connection, it' may be staled that this order has further been supplemented 
■bv a Notification under Customs Regulation where live plant material cannot cross 
the barrier unless accompanied with a Health Certificate from the place of e-xport. 

The live plant material exported from Kashmir mostly belongs to the Agriculture 
Denartment There ate no private nurseries, because of the network of Government 
nurseries t’hroughout the fruit producing districts. Private individuals export orna- 
Sal Sants, tZoU, bulbs, etc., from Kashmir, but m all cases, the live plant mateml 
is not permitted to leave the Customs barrier unless it is fumigated and accompanied 
by a Health Certificate. 

Rcearding the import of Ii>e plant material, it was observed last winter 
severaT orchardists in the Jummu Provin« imported grafts of ffl <h« 

ritroi inancocs, plums, ro<«es, and other plants from private a 

.pUjab aod*^ the United Provinces. None of these plants was accompanied with 
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kulth certificate from the place of their onciQ. When rwisdl tbe- 

Cnsfoms <Fostt, these were atoppod, and the importers tad to eJpervsw great diS- 
eulfy and ioconecnience in getting the plants. The Director of .tgrirslisre tad to 
fumigate the plants and examine them at great ineeaTcni'sre. Serre rcee plants bad a 
revere infestation of live Po*c Scale on them 

Keeping in new the importance of the exetang- of life plan: cnsterul from 
one Province to another, the inb^ect is of great importasre a~l st'di he disca*4ed 
m the nest meeting of the Advisory Board, which m»a!d Eiiie roxEm-'nditiana to- 
the Provincial Government! and enggesi to then to ie-ri-*{*r all prtTi:^ Eirfervinea, 
and keep a check on them as is done in Foreign CsMstrifs. Uai'r ttb cieck, no 
private nursery could come into existence unless it ondettakes t> tr-'iS plaai material 
In the field and at the time of ciport against insect pests and plant ^sease and the 
plants are accompanied by a Ifcallh Cortifeate attested hy an tV.-xr cf tie Pronncial 
Agriculture Department. 

This arrangement will aho keep a check on the u-«crv“!‘=* ca-secycct: who- 
advertise what they do not actnnih supply ftter en 
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APPENDIX IX, N. 

(Xote from JIR R. M. GORRIE, I.F 8., Silvicultural Itesearch Division, Lahore.) 

Reference item VI, crop protection, the present use of dry cut thorn branches for 
•fencing fields is an exceedingly wasteful and improvident method besides being a factor 
in the destruction of neighbouring waste land, grazing grounds and government rakht. 
Dry thorn fences usually hare to be replaced about once a year, thus forming a 
constant drain upon bush and tree growth in all surrounding land. 

The two plants which have been commonly nsed as li^e hedges aie Agave (vern 
l-eora) and Opuntia or prickly pear (ver. iaur) but the latter is not reaUy suitable 
owing to its periodic destrn^ion by disease. During ’ ' • ,• v' • . ^ 

Department baa attempted to increase the local s( 
plants which could be spared from existing hedges 

This work has been undertaken in parts of lloshi- ' 

districts, but it is very desirable that some more comprehensive plan be nndertaken 
for its wider distribution amongst zamindars who are prepared to use it as a live 
hedge. A rough survey of existing hedges which will yield stocks of plants has been 
started by the forest research staff and will be continued as opportunities permit. 
In districts already served by forest department activities, plants thus located can 
be dug up and collected by them and deliiered wherever villagers will undertake to do 
the planting, but in districts where the forest department has no activities, som“ 
alternative organisation ought to take up such work. 

There are two sources of obtaining Agaic transplants. One is to dig up root 
suckers from existing hedges. The other is to transplant the bulbils or rooted buds 
which appear ou the flower pole which each individual plant produces after nn 
interval of some years. Bulbils however are not suitable for direct transplanting in 
new hedge sites, Mcause they require tending and watering in a nursery for about 
18 months before becoming strong enough for use as field transplants. Wherever 
the demand for these plants is likely to increase, it would be advisable to establish 
central nurseries with this object. 

The Agaves already established in the Pnnjab are all capable of nroduemg fibre 
aimilar to the sisal hemp (Agaie sisolana), and the cultivation of the local varieties 
holds great possibilities for establishing a lucrative cottage industry, besides being a 
iroal improvement upon the use of dry thorn for hedging 
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APPENDIX X. 


A press note, on the visit ol members of the Crops and Soils 
Wing of the Board of Agriculture to the Agricultural 
College, Kesearch Laboratories and farms at Lyallpur 
(December 10th and 11th 1937). 

The Crops and Soils XVinff of the Board of AgticoUnre which met at Lahore 
from December 6 to 9, spent December 10 and 11 m a visit to the Ptinjah Ap'icul- 
tnial College and Beseart^ Institute at Lyallpur and 45 members had an opportunity 
■of seeing something of the work of the principal agncuUural research station in the 
Pnnjah. They were shown round by Mr. H. R. Stewart, Director of Agriculture, 
Punjab, and members of the staff of the Institution including K B. Mohd. Afzal 
Hnsain, the Principal of the Agricultural College. 

Sex AS tCMEOT rOB SMUT. 


On the 10th afternoon they were taken round the laboratories, the dairy and the 
workshop In the Botanical Action iniestigations on plant diseases and their 
control, crop jihysiotogy, seed-testing and breeding of drugs and minor economic 
planU were shown Some members were particularly interested m drug plants 
and spice crop' The simple and most effective way of conlrollinp loose smnt of 
wheat by the solar energy method forms one of the most outstanding achievements 
of this Action and was found highly interesting. According to this method wheat 
gram is soaked m water for four hours on br'ght summer day and then esposed 
to the sun for four hours to dry thoroughly During this treatment disease is 
entirely eliminated from the infected gram. Ihe of gram to a 

fungus which causes great havoc to the crop in weslem PMjsb, its mode of per- 
pet^Qu and methods of il' control were exhibited Three Fremh types of gram 
have been found to be resistant to the di$i*a«e 


VECETiBte Rcn.nei mcrxTiBiUTT thials 
I n the Clu-mical Section. pUns of scheme of manurial experiments being earned 

S., 

fu**. ^ cf * frr>p'. were equally cffieaciows as creen manure 

t^t legummous and including mbmatioti of kaltar and 

uUr^ted attention InrasUc .„tain important factors which appear continually 
alkah soils and intensive work VTSs m the subsoil water and the 

to be at work in toxic layera m the soil at considerable depths 

existence of what .^r!«k^ra at I.rallpur were early in the fiMd in the 

were also shown. The value of Indian food stuffs The work has 

systematic investigation of Hu "’HnUxe raioe « conducted 

been m progiv-* on a sni..!! fccdinc material and excreti rom^tred with 

With compht.- chemical ,»,ma\« The l'a»»c diU relating t<> th- araiUlility 

actual digestibility trials on farm an , , , ^.ii, the economic factor One of the 
of rations m the animal th' ««' 

main problems w to find the most Preat interest wai shown in the sTff.at Mtri* 

different purpows of animal hu'handry l.reax imei- 
tion stall 

FntiT rRE^«•R▼*T^o^ 

» W«rl. l<irt d'Oe in Uw fru • Jlr»erv*tlon 
A demonstration was gnen ** . * loniato ketchup and th- rar-irg of jrars, 
laboratory, the preparation .otp* and of frvii ;uuv» Tlu wo'k i» l^i=g 

peas, grape frmts and the , a^J^ltBral nrwarch In tl* fra t yiid-t* 

financed by the Imperial Cotmol o co^do-lrd Tarv«* In-'- 

they were shown experiments , with rrfrrracc to tl.e ‘*Y* *■“ 

In the bacteriolcigieal lil'oraloiw p-orrd very rr^-* •* *’ e -«r. 

soil with berseem legume culture* m tSe Fiibrne* La <ira'~'vc» 

wera seen Tub culiura was al*o exammrd w *•>» 
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PCBE STRAINS OF SOOr-SEEDS. 

Od the 12th momuig^ the members were taken to the Bisalewala farm about 5* 
miles from Lyallpur where they saw the work that is being done on sugarcane, cotton 
and mnhiphcatioQ of improved seeds. la the afternoon the party visited the oil* 
seeds section where selection is being done on the oil seed crops such as toria 
and brown garsoti resulting m tlie prodnctton of selected strains which, apart from 
being high yielders are free from foreign admixture and yield seed of higher purity 
and higher oil-content than the local unselected strain To maintain the stability 
of these strams and to arrange for a continuous supply of freshly selected seeS 
to the cultivators, a definite scheme of continuous mass selection and large-scale 
multiplication which has been put into operation was explained Besides mass- 
selection, other methods of group-breeding arc being developed with a view to 
effecting farther improvement in these crops In the cotton breeding area valuable 
work done on hybridisation, evolution ol jassid-resistaot varieties of cotton and 
pure-line selection of desi and American cottons was shown. The memhers were also 
taken to the insectary and the Students’ farm A number of simple, inexpensive 
and highly effective physical and mechanical control measures against certain pests 
of important field crops and fruit trees evolved m the Entomological Section greatly 
interested the members. In the end a visit was paid to the dairy where rapid im- 
provement IS made m the yield of milk by proper feeding, careful selection and 
lu'eeding from selected stock. Starting from the average over-all yield of 5 6 lbs. 
of milk per cow per day in 1914-15, in 22 years the over-all yield has gone up to 
18.95 lbs. per cow per day. 

The visit passed off very successfully and it was obvious that every one at 
[<yallput did his very best to put up a good show. At night a dinner was given 
in the honour of the visit of the Board by the Principal and the staff of the Insti- 
tntion including guests from amongst oflicials stationed at Lyallpur, Speeches were 
made in which the members of the Board expressed their appreciation of the hard 
work put in by the Director and the staff at Lyallpur to make the visit a success. 
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ICAR. 10*10 ’ No. 10. The Spotted BoH-Woiroa of Cotton in South Gujarat, By B. 

P. Deshpande and N. T> Nadkamy, B.Ag. (1936). Price Re. 

6.14.0 or Oa. Gi. 
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